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AND  AgEU  PLUS  COED  FORKED  CONDITIONS,)  BUT  To  A 
GREATER  DEGREE  I N  THE  LATTER  CONDITION.  IT  IS 
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THE  RESULTS  INDICATED  THAT  WHEN  LABORATORY  A I R- 
MELTEU  UR  V ACUUm-MEL T£0  HEATS  OF  I  2N  I -3CR-3m0 , 

1  2NI -SCR-3MO ,  OK  I 8N I -8CQ-3M0  MARAGING 
STEELS  CONTAINED  ABOUT  0.02  PERCENT  ZIRCONIUM,  THEIR 
NOTCH  TOUGHNESS  In  THE  SOLUT  IoN-ANNEAuED  aNq  IN  THE 
SOLUCION-ANNEALtD  AND  AGED  CONDITTONS  WAS  MARKEDLY 
LOWER  Than  THAT  OF  THE  SAME  STEELS  CONTAINING  NU 
BORON  OR  Z,IKC0NIUH  UR  CONTAINING  ON,LY  BORON,  THE 
RESULTS  ALSO  INDICATED  THAT  THE  STEELS  CONTAINING 
BORON  WERE  SLIGhTLY  MORE  NOTCH  TOUGH  THAN  THE  STEELS 
CONTAINING  NO  BORON  OR  ZIRCONIUM,  AND  TM'A-T  THE  5 T E F L S 
CONTAINING  ABOUT  O.UOb  PERCENT  CARBON  WERE  MORE  NOTCH 
TOUGh  Than  The  STEELS  CONTAINING  ABOUT  0,017  PERCENT 
CARBON.  In  ADDITION,  THERE  WAS  SOME  INDICATION 
THAT  THt  ELIMINATION  OF  ALUMINUM  MAY  ALSO 

significantly  Improve  notc h  toughness?  on  The 

BASIS-  of  THt  ABOVE  RESUlTS,  LABORATORY  AND 
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TO  DETERMINE  THt  OPTIMUM  titanium  and  aluminum 
content  fur  maraging  steels  having  yield  strengths  in 
THE  range  180  Tu  Z 1 U  KS T,  AFTER  WHICH  The  EFFECT  OF 
NICKEL,  CHRUMIUrt,  COBALT ,  AND  MOLYBDENUM  fti  LL  BE 
INVESTIGATED  WITH  THE  AIM  OF  DEVELOPING  ThE  OPTIMUM 
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EMBR  I  T^'LEmENT  BtHA  V 1  OR  OF  COPPER  WAS  STUDIED  ,1  N 

terms  of  interfacial  energies  between  the  solid 

COPPER  and  vblNARY  8  I  SmUTH-T.HALL  l UM  LIQUID  M£.TaL 
COMPOSITIONS.  Wetted  fracture  strength 
determinations  „eke  made  on  -copper  tensile  specimen? 

WHICH  WtRE  IN  CONTACT  WITH  THE  LIQUID  METaL  ALLOYS  AT 
650  Fi-  TESTS  WERE  MADE  AS  THE  RELATIVE  PROPORTIONS 
OF  BISMUTH  AND  THALLIUM  IN  THE  LIQUID  WETTING  METAL 

were  varied,  it  was  found  that  the  embrittling 
effect  of  bismuth  on  COPPER  decreases  as  the  thallium 
content  of  the  .JETTING  bismuth-thallium  ALLOY  is 
increased,  this  trend  to  higher  strength  values 

WAS  CORRELATED  I.ITH  THE  CORRESPONDING  INCREASE  IN 
INTERFACIAL  energies  for  the  CO p;r E r-bismuth -  thallium 
system.  THE  EMBRITTLEMENT  of  SOLID  COPPER  MaY  BE 
RELATED  TO  REDUCTIONS  In  SURFACE  ENLRoY  REQUIREMENTS 
NEEDED  FOR  CRACK  PROPAGATION  AS  A  RESULT  OF  THE 
PRESENCt  OF  THE  LIQUID  METAL,  HOWEVtR,  DEVIATIONS 
NOTED  IN  THt  RELATIONSHIP  BETWEEN  WtTTED  FRACTURE 
STRENGTH  VALUES  AND  InTERFACUL  ENERGIES  SUGGEST  THAT 
EMBRITTLEMENT  BtrtAVIOR  CANNOT  BE  EXPLAINED  FULLY  ON 
THE  BASIS  OF  INTERFACIAL  ENERGIES  ALONE,  (AUTHOR) 
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PROPERTIES  OF  the  WELD  heat- effected  /ONE, 

INCLUDING  Hut-C«ACKINu  TENDENCIES  AND  EFFECTS  OF 

thermal,  cycling  on  strength  and  toughness,  were 
DETERMINED  FOR  a  SNI-cR-MO-V  steel  DEVELOPED 
AS  AN  HY-I3U/1SU  HULL  PLATE  ALLUY.  THE  HOT- 
CRACKINu  TENDENCY  OF  THE  ALLOY  WAS  LOW.  THE  YIELD 
strength  OF  the  HEAT-aFFECTED  zone  was  equivalent  ;T0 
that  of  the  base  metal*-  the  CHARPY  V-n0T.CH 
IMPACT  STRENGTH  of  SAMPLES  WHICH  HAD  RECEIVED  DOUBLE 
THERMAL  CYCLES,  SIMULATING  MULTIPASS  wELDMENTS,  WAS 
EQUIVALENT  To  THAT  OF  THE  BASEPLATE  IN  BOTH  THE  AS- 
WELO&O  AND  The  stress-relieved  CONDITIONS.  THESE 
RESULTS,  Q8T  a  I  NED  by  w£ld-simulation  methods,  were 

CONFIRMED  BY  IMPACT  TESTS  OF  SAMPLES  FROM  ThE  HEAT- 
AFFECTEo  ZONE.  OF  ACTUAL  WELDMENTS.  THE  IMPACT 
STRENGTH  of  THE  .VS-UEpOS  j>teo  weld  metal  was  LOW 
COMPARED  TO  THE  BASEPLATE  AND  WAS  GREATLY  REDUCED  BY 

stress-relief  treatment,  (author)  (U) 
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MICROSTRAIN  AND  ETCHING  EXPERIMENTS  WERE  CONDUCTED 
ON  70/0u  b'RASS  SINGLE  CRYSTALS  TO  DETERMINE  THE 
EFFECT  UF  the  PRESENCE  OF  liquid  mercury  at  the 
SURFACE  On  DEFORMATION  CHARACTERISTICS  IN  THE  EARLY 
STAOS?  OF  PLASTIC  FLO*.  IT  AA5  REVEALtO  THAT 
DISLOCATIONS  BECOME  MOBILE  AT  STRESSES  AS  LOW  AS  U.UR 

Ku.mm-  up  the  -2  in  annealed  crystals,  a  sharp 

CONTraSI  to  PREVIOUS  OBSERVATIONS.  A  MODEL  IS 
PRESENTED  TU  EXPuAlN  THE  MlCROSTRAlN  CHARACTERISTICS* 

a  debris-  layer  near  the  surface  was  observed  to  a 

depth  OF  ABOUT  20  MICR-pNS  AFTER  2  X  IU  TO  THE  -3 
PLASTIC  SHE  Art  STRAIN,  IRRESPECTIVE  UF  THE  PRESENCE  OF 
ME R CURT*  THUS,-  LIQUID  MLRCURY  IS  EQUALLY  AS 
EFFECTIVE  AS  an  OXIDE  FILM  IN  IMPEDING.  THE  EMERGENCE 

of  dislocations  from  a  crtstal.  since  The  degree 
to  .which  this  type  of  behavior  inhibits  crack 
Relaxation  coulu  not  be  determined,  it  was  not 

POSSIBLE  TO  RIGOROUSLY  ESTABLISH  THIS  AS  TH£ 

MECHANISM  fur  LIQUID  metal  EMBRITTLEMENT. 
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DESCRIPTORS:  (‘REACTOR  M  A  T  DR  l  A'L  S  j  STEEL),  (‘STEEL, 

RADIATION  DAHAG.t),  (‘RADIATION  DAMAGE,  REACTOR 
MATERIALS),  NICKEL  ALLOYS,  EMBRITTLEMENT* 

DUCTILITY,  CHROMIUM  ALLOYS,  MOLYBDENUM  ALLOYS, 

STRESS  RELIEVING,  SENSITIVITY,  M I CROST rUC TORE , 

STAINLESS  STEEL,  NOTCH  SENSITIVITY,  HEAT 

treatment,  transition  temperature,,  neutrons  (U) 

IDENTIFIERS;  STEtL  A302-B  <U) 

the  i nvlst i gat i on  incluoes  the  following:  id 

The  RELATIVE  RAuIATION  SENSITIVITY  OF  A3Q2-B 

steels  prepared  by  special  Melting  and  heat  treatment 

PRACTlCt,  (Z)  The  EVALUATION  Of  NICKEL  CONTENT 
AS  A  RADIATION  SE-WS-U  J  V  J.T  Y  VARIABLE,  l3) 
comparative  irradiation  embrittlement  of  selected 
HIGHER  STRENGTH  STEELS »  AND  ( H>)  THE  EFFECT  OF 

neutron  spectra  upon  t-he  observed  changes  in  the 
NOTCH  OUCTILITY  of  IRRADIATED  steels.  (AUTHOR) 

(U) 
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OESCRIPTIVE  NOTEI  KEPT.  NO.  I  QN  A TO  WORK  ASSIGNMENT  NO. 
89/b, 

APR  66  2BP 
R£PT.  NO.  AT 0-66-38  , 

monitor:  tt  66-6213& 

UNCLASSIFIED  REPORT 
Supplementary  note: 

DESCRIPTORS;  ( *L I UU I  0  METALS,  *EMBR I TTLEMENT ) , 
METALLOGRAPHY,,,  COPPER  A'.LOYS,  STEEL,  CORROSION, 
MECHANICAL  PROPERTIES,  ZINC,  MERCURY, 

CRYST  ALLOGRAPHY ,  BIBLIOGRAPHIES,  USSR  T  U ) 

THE  BIBLIOGRAPHY  iVA'S  ; COMPILED  FROM  SOVIET  OPEN 
SOURCES  PUBLISHED  1-959“  1965  WITH  ONE  E'N,T R Y  FROM 
JANUARY  1 9 6 6'ij  IT  IS  THE  FIRST  REPORT  IN  THIS 
SEMES.  THE  S2  ENTRIES  ARE  ARRANGED 

CHRONOLOGICALLY  AND,  wJTHttj  EACH  YEAR,-  ALPHABET  1 C ALL* 

BY  AUTHOR;  1959  (I  ENTRY),  1 9 6 l  (6 
ENTRIES),,  1963  (21  ENTRIES)  ,  <T9 6 P  (3 
ENTRIES),  1965  (  1  4  ENTRIES),  AND,  1966  (•-), 

ENTRY'.)  »  AN  AUTHuR  INDEX  IS  PROVIDED.  AT  THE  END  OF 
THE  REPORT.  PERTINENT  INFORMATION  INCLUDED! 

COPPER  ALLOY  TESTING  IN-  MERCURY  SALT  SOLUTION,  CREEP 
PROCESS,  DIFFUSION  AND  SOLUBILITY  COEFFICIENTS  Op 
MOLTEN  METALS,  POLYCRYSTALLINE  METAL,  TIN 
RECRYSTALlTZAT JON,  ALLOY  STEEL  NONSELEC T'l  VE 
coRRosiiON,  surface  tension  reduction  in  solid  metal's, 
softening  action  OF  AGGRESSIVE  MELTS  ON  SoUD  METAL, 
STEEL  CYCLIC  TOrSION  I.N  LOW-MELTING  METALS, 
adsorption-induceo  reduction  of  strength,  irradiation 

EFFECT  ON  MLCHANICAL  PROPERTIES,  ANISOTROPY  OF 
ELECTRON  aNO  GAMMA  IRRADIATION  EFFECT  On  DEFORMATION 
PROCESS,  METAL  CORROSION  FATIGUE,  ‘EFFECT  OF  LOW 
MELTING  COATING  ON  MECHANICAL  PROPERJlES  OF  METALS, 
METAL  DIFFUSION  IN  LlyUID  COPPER.  (AUTHOR)  <U) 
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STANFORD  RESEARCH  INST  MENLO  PARK  CALIF 

EMBrt  J  TT.LEMENT  BY  LIQUID  METALS.  (U) 

descriptive  note:  final  rept,,  i  mar  6R-28  feb  66, 

FEB  66  10P  GQGG1N,W.  R,  J  MOBERLYi  J  •  W,  T 

contract:  nOnr-<ho8  (OO) 

PROj;  NR-U36-05S, 

UNCLASSIFIED  report 

a  V  A  I  L  A8  I  LI  T  T  j  P  U;b  L  I  S  HE  D  IN  TRANSACTIONS  QUARTERLY 
VS9  N2  P3 15-23  ju-N  i  <1 966 , 

Supplementary  note: 

DESCRIPTORS;  ( ♦ALUMINUM  •  EMBRITTLEMENT] » 

{♦EMBRITTLEMENT,  LIQUID  METALS),  GALLjuM,  FOlLSi 
FRACTURE(MeCHaNIcS) ,  SINGLE  CRYSTALS,  ELECTRON 
MICROSCOPY  (U) 

THE  AlUMInUM-LIuUID  GALLIUM  EMBRITTLEMENT  COUPLE 
WAS  STUuIed  USING  TECHNIQUES  OF  TRANSMISSION  ELECTRON 
MICROSCOPY.  SINGLE  and  POLYCRYSTALLINE  ALUMINUM 
FOILS  WERE  WETTED  WITH  LIQUID  GALLIUM  AND  TESTED 

using  a  tensile  device  in  an  electron  microscope. 

T.RE  INFLUENCE  Op  THE  LIQUID  GaLLIUM  ON  THE  FRACTURE 
BEHAVIOR  OF  ALUMINUM  WAS  OBSERVED,  POLYCRYSTALLINE 

aluminum  can  fail  when  wetted  with  liquid  gallium  by 
A  grain  boundary  PENETRATION  of  THE  MvJAl  by  the 
LIQUID.  Thu  IS  a  SLOw-FAILURe  PROCESS  'AND  IS 
OBSERVED  TO  OCCUR  WITH  OR  WITHOUT  EATE'R^AL  LOADING, 

IN  BOTH  ANNcaLEO  AND  COLD  WORKED  ALUMINUM., 

HOWEVER,  IF  SUFFICIENT  TENSILE  STRESSES  ARE 
APPLIED,  pOLy CRYSTALLINE  ALUMINUM  CAN  ALSO  FAIL  IN  A 
CACTCCRUPHIC  MANNER  WITH  A  HIGH  CRACKING  VELOCITY 
ALONG  INTERGRANULAR  PA*HS.  LIQUID  GALLIUM  IS 
NECESSARY  FOR  BuTH  CRaCk  NUCLEATION  AND  PROPAGATION. 

THE  CRACK  WAS  ALWAYS  OBSERVED  TO  INITIATE  IN 
REGIONS  where  Grain  boundary  penetrat ion  of  the 
ALUMINUM  HAU  OCCURRED,  THIN  LAYERS  OF  LIQUID  METAL 
WERE  ALWAYS  OETtCTEU  ALONG  THE  FRESH  FRACTURE 
SURFACE.  IF  INSUFFICIENT  GALLIUM  WAS  PRESENT,  THE 
CRACK  WOULD  BECOME  BLUNTED  AND  THE  METAL  WOULD 
EVENTUALLY  EXPERIENCE  DUCTILE  FAILURE,  CHARACTERISTIC 
OF  UNWETTED  ALUMINUM,  ALUMINUM  SINGLE  CRYSTALS 
NEARLY  ALWAYS  FaIL  IN  A  DUCTJLE  MANNER,  EVEN  WHEN  AN 
ABUNDANT  SUPPLY  OF  LjQUID  GALLIUM  JS  AVAILABLE. 

THE  LIQUID  UALLIUM  CAN  INITIATE  MlCROCRACKS  IN 
SINGLE-CRYSTAL  ALUMINUM,  BUT  THE  CRACKS  DO  NOT 
PROPAGATE  IN  THt  BRITTLE  MANNER  OBSERVED  IN 
POLYCRYSTALLINE  ALUHIwUM.  (AUTHOR)  (U) 
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pacific  naval  lab  esquimalt  (British  Columbia.) 

RELIABILITY  and  CORROSION.  (U) 

66  up  BARER), R.  D,  { 

RtPT*  NO.  REPRINT-66-2, 

UNCLASSIFIED  REPORT 

AVAlLA.BlH.-TY,:  PUBLISHED  IN  NAVAL  ENGINEERS 
JOURNAL  P32I-331  APR  1966, 

Supplementary  noth 

DESCRIPTORS:  ('CORROSION,  RELIABILITY),  ALUMINUM 

ALLOYS,  CASTING  ALLOYS,  STRESS  CORROSION ,  , PIPES* 
EMBRITTLEMENT,  CATHODIC  PROTECTION,  STAINLESS  - 
STEEL,,  BRASS,  FATIGUE(MECHANICS)  ,  MARINE 
ENGINEERING.  CANADA.  CORROSIPN  INHIBITION  IU) 

THE  EXAMPLES  GIVEN  AND  DISCUSSED  ARE  FAR  FROM  AN 
EXHAUSTIVE  TREATMENT  OF  HAZARDS  BETWEEN  DESIGN  OFFICE 
AND  FIELD  EXECUTION,  OF  THE  NEED  FOR  ATTENTION  To 
DETAIL  ANo  OF  TmE  WEAKNESSES  INHERENT  IN  S0M£  ALLOYS. 

OF  THE  IMPORTANCE  OF  CORRECT  DIAGNOSIS  AND  FINALLY, 

THAT  IN  SOME  CASES  RELIABILITY  CAN-  BE  RESTORED. 
RELIABILITY  IS  NOT  SIMPLE-IT  REQUIRES  AN  ATTENTION 
To  DETAIL  IN  CHOICE  OF  MATERIAL  AND  IN  DESIGN,  IT 
DEMANDS  AN  UnDEkSTANDING  OF  CORROSION  MECHANISMS, 
(AUTHOR)  (U) 
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ILLINOIS  UN  1 V  URBANA  OEPT  OF  THEORETICAL  AND  APPLIED 
mecnani-cs 

MECHANISMS  OF  ENVIRONMENT  INDUCED  SUBCR ITTCAL  FLAW 
GROWTH  IN  A I S I  H.3RO  STEEL,  <U) 

DESCRIPTIVE  NOTE;  INTERIM  TECHNICAL  REP'T., 

SEP  66  H7P  VAN  DER  SLUYS  ,  W.I  LL I  AM  A.  N 

0 

REPT*-  no.  T/AM-292, 
contract:  ■da-3i,-i2<i«aro<d) -3  78  , 

PROj:  OA-ZpaHSOlBSZO, 

monitor:  arou  56 1.2 :  i 

unclassified  report 

supplementary  note: 

DESCRIPTORS;  (*STEEL,  ^FRACTURE { MECHAN I CS ) )  , 

HYDROGEN  EMBRITTLEMENT,  CORROSION,  EMBRITTLEMENT, 
ENVIRONMENTAL  TESTS,  STRESS  CORROSION,  LIQUID 
IMMERSION  TESTS,  WATER 
IDENTIFIERS;  STEEL  ‘UHU 

RESULTS  OF  AN  EXPERIMENT  DESIGNED  TO  STUDY  THE 
EFFECT  OF  SEVERAL  VARIABLES  ON  SUBCRITlCAL  CRACA 
GROWTH  RATE  OF  A  HIGH-STRENGTH  STEEL  JN  A  WATER 
ENVIRONMENT  ARE  PRESEN-  ENVIRONMENTAL  VARIABLES 
INCLUDED,  TEMPERATURE,  M  OF  ThE  LIQUID  ENVIRONMENT, 
ELECTRIC  CHARGING,  ANu  THE  combined  EFFECT  OF  PH 
AND  ELECTRIC  CHARGING.  TAPERED  DOUBLE  CANTILEVER 
BEAM  SPECIMENS  nEKE  DESIGNED  SO  THAT  THE  LEVEL  WAS 
MAINTAINED  CONSTANT  AT  A  CONSTANT  LOAD  AND 
INDEPENDENT  OF  crack  LENGTH.  THUS  steady-state 
CRACK  GROWTH  MEASUREMENTS  WERE  POSSIBLE  IN  CONSTANT 
LOAD  AND  CONSTANT  ENVIRONMENT  EXPERIMENTS.  v»  I T  H 
THIS  SPECIMEN  DtSlGN,  IT  WAS  POSSIBLE  TO  MAKE  A 
SERIES  OF  MEASUREMENTS  THAT  COVERED  THE  ENTIRE  RANGE 
OF  EFfECTS  UF  A  PARTICULAR  VARIABLE  USING  OnLY  One 
SPECIMEN.  (AUTHOR)  <U) 
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DAMAGING  NEUTRON  EXPOSURE  CRITERIA  FOR  EVALUATING  THE 
EMBRITTLEMENT  OF  REACTOR  PRESSURE  VESSEL  STEELS  IN 
DIFFERENT  NEUTRON  SPECTRA,  tU) 

descriptive  note:  interim  rept., 

JUL  66  3 1 P  SERPAN, CHARLES  Z.  ,  JR,  5 

STEELt  ,LEnDELL  E.  I 

rept.  no.  nrl-bhis* 

Contract:  atih9-5)-2110» 

PROj:  RR007-U1-*16-5R09,SF020-0  1-25-0858 

UNCLASSIFIED  report 

supplementary  note; 

DESCRIPTORS;  ( *STEEL ,  *RaDIATION  DAMAGE), 

E  M  8  R  I.T-T.  L  E  M  £  NT-,  PRESSURE  VESSELS,  REALTOR  MATERIALS, 
NEUTRON  flux,  nuclear  reactors,  determination, 

TRANSITION  TEMPERATURE  (U) 

SEVERAL  SUCH  EXPOSURE  CRITERIA  HAVE  BEEN.  EVALUATED 
THROUGH  USE  OF  THE  RESULTS  OF  METALLURGICAL  TESTS  OF 
REFERENCE  STEEL  SPECIMENS  AFTER  IRRADIATION  IN  LIGHT 
AND  HEAVY  WATER  MODERATED  REACTOR  ENVIRONMENTS  AS 
WELL  AS  In  GRAPHITE  MODERaTEO  REACTOR  ENVIRONMENTS, 

THE  RADIATION-INDUCED  TRANSITION  TEMPERATURE  OR 
NIL-DUCTILITY  TRANSITION  '<-N.DT)  TEMPERATURE 
INCREASES  OF  THE  SEVERAL  STEALS  INVOLVED  ARE 
PRESENTED  VERSUS  N/CM2  DETERMINED  BY  EACH  OF  t«E 
FOLLOWING  TECHNIQUES?'  (A)  ASSUMPTION  OF  A 
FISSION  SPECTRUM,  ‘EXTRAPOLATION  OF  ACTIVATION  DATA. 
INDUCED  AT  A  HIGH  MEV  THRESHOLD  TO  1  MEV,  AND 
REPORTING  EXPOSURE  >  1  vMEV,  AND  (B) 

CALCULATION  OF  SPECTRA  USED  TO  DETERGE  ACTIVATION 
CROSS  StCTlON  FOR  EXPOSURES  ABOVE  ENERGY  LIMITS  OF  It 
0.5,  AND  0.183  MEV.  THE  DIFFERENCES  OBSERVED  BY 
THIS  analysis  were  l  ntercomp ARED  in  relation  TO 
ABSOLUTE  MAGNITUDE  AS  WELL  AS  IN  TERMS  OF  ENGINEERING 
SIGNIFICANCE,  BY  APPLYING  THESE  CRITERIA  TO  DATA 
RELATING  DIRECTLY  TO  A  PRESSURIZED  LIGHT  WATER  POWER 
REACTOR  »  BENEFITS  TO  THE  LIFETIME  OF  THE  REACTOR  CAN 
BE  REALIZED.  THE  RESULTS  OF  THIS  STUDY  TO  DATE 
INDICATE  THm'T  DATA  RELATING  TO  THE  PROPERTIES  OF 
STEELS  IRRADIATED  IN  OR  NEAR  THE  CORE  OF  PRESSURjzgO 

light  water,  moderated  Reactors  can  be  confidently 

JNTERCOMPaRED  FOR  ENGINEERING  APPLICATIONS  ASSUMING  A 
FISSION  SPECTRUM  AND  ACCOUNTING  FOR  NEUTRONS  OF 
ENERGIES  >1  MEV,  ' 

tu ) 
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descriptive  note:  wuartlrly  progress  rept. {  1  ma.y«3i  ' 
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unclassified  report 
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Supplementary  note:;  research  supported  in  p/Vrt  by  aec 

CONTRACT  AT ( R9~5 ) -2 1 10. 

descriptors:  eradiation  damage,  *reactor 
MATERIALS),  (*REACTOK  SYSTEM  COMPONENTS,  REAC.T.o.R 

materials),  steel,  embrittlement,  tensile 

properties  '  (U) 

THE  RESEARCH  PROGRAM  OF  THE  NRL  METALLURGY 
DIVISION,  REa'C/T'OR  MATERIALS  BRANCH,  IS 
DEVOTED  TO  TrE  DETERMINATION-  OF  THE  EFFECTS  Op 

Nuclear  radiation  upon  the  properties  9f  structural 
materials,  the  overall  program  Is  sponsored  by  the 
OFFICE  of  naval,  research,,  the  naval  ship 
systems  command,  the  u.  s\.  atomic  energy 
commission,  and  the  army  nuclear  power 
program,  since  research  findings  which  apply  to 

THE  OBJECTIVES  OF  ONE  SPONSORING  AGENC.Y  ARE  ALSO  GF 
INTEREST  TO  THE  OTHERS,  THE  OVERALL  PROGRAM  PROGRESS 
IS  REPORTED  HEREIN,  THIS  REPORT  INCLUDES.  THE 
FOLLOWING;  (1)  RESULTS  OF  A  COMPARATIVE 
IRRADIATION  OF  WELD  HEAT  AFFECTED  ZONE  AND  BASE  METAL 
SPECIMENS  OF  HY-80  STEEL*.  (2)  PRELIMINARY  DATA 
ON  The  NOTCH  DUCTILITY  CHARACTERISTICS  OF  IRRADIATED 
MARAGING  AND  NICKEL-COBALT  STEELS,  (3)  TENS  J  LE 
PROPERTIES  Of  selected  steeds  having  POTENTIAL  for 
NUCLEAR  STRUCTURAL  APPLICATION,  (.‘I }  IRRADIATION 
damage  SURVtILLANCE  RESULTS  from  specimens  exposed 
NEAR  THE  YANKEE  REALTOR  PRESSURE  VESSEL,  AN& 

(5)  DESCRIPTION  OF  THE  RECENTLY  COMPLETED 
metalloghaphic  CELL  OF  the  nrl  HIGH  level 

RADIATION  LABORATORY,  (AUTHOR)  (U) 
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NEUTRON  IRRADIATION  EH8R I  TTLEMENT  OF  SEVERAL  H  J/GHER 
STRENGTH  STEELS, 


<U) 


ST.EELE  .LENDELL  E.  » 
TGR  A-Y-i  ROBERT  A  .  *  JR  I 


SEP  66  .  Z'i? 

HAWTHORNE  »J.  RUSSELL 
REP:T-»  NO;.  'NRL-SRH, 
contract:  atVrv-si-zi io  » 

PROj:  'R%U„07-Ui"H6-5H09.SF020-0r-05-;08S8 

UNCLASSIFIED  report 
sop pll m e nta ry  note: 

descriptors:  {•steel,  «raojation  damage),  maraging 
steels,  transition  temperature  »  pressure  vessels, 
embrittlement,  neutrons,-  pressurized  T(A-TER 
reactors,  .DUCTILITY,  MECHANICAL  properties 


(U) 


SEVERAL  STEtLS  REPRESENTATIVE  OF  RECENTLY  DEVELOPED 
TYRES  AND  HAVING  POTENTIAL  FOR  NUCLEAR  STRUCTURAL 
APPLICATION*  WERE  EXPOSED  TO  HIGH  ENERGY  NUCLEAR 

Radiation,  and  the  Resultant  properties  weRE  -compared 

WITH-  THOSE  UF  The  CURRENTLY  USED  A2I2-B  AND 
A302-B  NUCLEAR  REACTOR  PRESSURE  VESSEL . STEELS . 
PRELIMINARY  RESULTS  FROMf  SEVERAL  COMPARATIVE 
IRRADIATION  EXPERIMENTS  INDICATE  THAT  CERTAIN  HIGHER 
STRENGTH  STEELS,  IN  ADDITION  TO  HAVING  INITIAL 
PUALITIES  OF  HIGHER  STRENGTH  AND'  LOWER  INITIAL 
DUCTj'LE-BRl  ttle  TRANSITION  temperatures,  show  SMALLER 
EMBRITTLEMENT,  tARLIER  EMBRITTLEMENT  SATURATION,  ANO 
A  SUPERIOR  OVERALL  RESPONSE  TO  IRRADIATION  AT  55QF 
THAN  THAT  OBSERVED  FOR  THE  STEELS  IN  CURRENT  REACTOR 
PRESSURE  VESSELS.  (AUTHOR)  <U)< 
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NAVAL  Rc.SEARoH'  uAH  iYASHJ.NGT.ON  0  C 

NEUTRON  SPEC.T-RAL.  CONSIDERATIONS  AfFECTING  PROJECTED 
ESTlMATtS  OF  R A 0;I;'Avt  I  0 N  EMpR  1  T’TLEMENT  OF  THE  ARMY  SM- 
1A  REACTOR  PRESSURE  VESSEL  *  ( U ) 

•DESCRIPTIVE  NOTE;  FINAL  KEPT., 

SEP  66  3>1;P  SERPAN.C.  Z.  ,,  JR .}  STEELE  ,  L  .  E  • 

I 

kept*  no.  nrl-zr^,, 

PROj:  USa-ERG-R-66 , 

unclassified  report 
supplementary  note; 

descriptors:  {•embrji ttlement-i  steel),  (‘pressure 

VESSELS,  •PRESSURIZED  WATER  REACTORS),  (‘RADIATION 

DAMAGE  ,  ‘ST-Et-L )..,  REACTOR  MATERI  ALS,  NEUTRON 

REACTIONS,  POWER  REACTORS,  ARMY.  ALASKA  (U) 

identifiers;  armv  re-actorsism-ia)-  (U) 

the  PRE'SS.URt  VES.SEL  OF  THE  ARMY  SM-iA  REACTOR 
IS  LOCATED  CLp, 5c.  T<0  ThE  ACTIVE  COKE  IN  SUCH  A  MANNER 
THAT  THfc  NEUTRON-,  EXPOSURE  IS  RELATIVELY  HIGH! 
CONSEQUENTLY,  t.mE  PRESSURE  VESSEL  STEEL  UNDERGOES  A 

relatively  rapid  rise  in  t,he  ductile-brittle 

TRANSITION  TEMPtRATURE.  THE  MAXIMUM  PERMISSIBLE 
DELTA  not  for  The  SM-IA  is  ESTABLISHED  by  the 
ARMY  AS  3rOF.  S.^InCE  IT  IS  PHYSICALLY  IMPOSSIBLE 
TO  IRRAOIaTe  SURVEILLANCE  TEST  SPECIMENS  at  the  sm» 

1A  VESSEL  wall.,.  ONLY  THE  NEUTRON  FLUX  WAS  MEASURED 
AT  THE  WALL.  ANo  REPRESENTATIVE  TEST  SPECIMENS  WERE 
irradiated  in  attest  reactor,  the  low  intensity 

TEST  REACTOR  (LITR)*  IN  TRANSLATING  THE  DELTA 
NDT  VERSUS  NEUTRON  EXPOSURE  DATA  FROM  THE  L  J  TR  TO 
THE  CASt  OF  THE  SM-i,*  REACTOR  VESSEL  WALL,  THE 

neutron  spectra  of  The  two  reactors  were  useo  to 
AOJUS’T  both  the  SM-lA  REACTOR  VESSEL  FLUX  AND  I  HE 
LITR  EXPOSURE  VALUES  jit. TERMS  OF  N/SC.1  CM  <  I, Or 
0.5,  AND  U  •  1 8  3  mEV.  SINCE  THE  DISTRIBUTION  OF 
NEUTRONS  BY  ENERGY  GRuUpS  WAS  DIFFERENT  WITHIN  E  A  C\H 
REACTOR  AT  THE  SPECIFIC  LOCATION  OF  INTEREST,  THAT 

is,  the  vessel  «all  of  the  sm-ia  and  an  in-core 
LOCATION  OF  the  LITR,  THE  DAMAGING  POTENTIAL  OF  THE 
SM-IA  Rt ACTOR  SPECTRUM  LOCATION  WAS  RELATED  TO 

that  of  the  litk,  with  damage  equivalence 

ESTABLISHED  BETWEEN  ThE  TWO  REACTORS,  A  CRITICAL 
NEUTRON  ExPuSURt  (N/SQ  CM  >  0,5  MEV)  MAY  BE 
PROjECTcD  Fur  ProdU^IwG  THE  MAXIMUM  DlLTA  NdT  on 
THE  SM-IA  RLACTUR  VESSEL  WALL.  (U) 
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ROYAL  AIRCRAFT  tSTABL I ShMENT  'FARNBOROyGH  (ENGLAND! 

A  STUDY  OF  THE,  S I  pE  EFFECT  IN  THE  PLATING 
EMBRITTLEMENT  OF  HUH  STRENGTH  STEELS,  (U) 

DESCRIPTIVE  NUTEJ  TECHNICAL  REPT,,  , 

JUN  66  22P  DAVISiH.  C.  1 GRA Y . JOSEPH l NE 

A.  • 

RePT.  NO.  TR“66 i 68 

UNCLASSIFIED  REPORT 


DESCRIPTORS;  (•STEEL.  £M8R  I  TTLEilENT  )  »  PLATING, 

CADMLUM,  NJaCKEL  aLLOYS,  CHROMIUM  ALLOYS. 

MOLYBDENUM  A.LL0Y5,  VANADIUM  ALLOYS, 

COADlNu,!  MECHANICS)  ,  TE.STSi  LIFE  EXPECTANCY., 

STRESSES,  FRACTU,RE(MECHANICS)  ,  GREAT  BRITAIN  (U) 

THE  REPORT  DESCRIBES  SUSTAINED  LOAD  TESTS  MaDE  ON 
cadmium  plated  notched  (K  sub  t  *  3.2) 

SPECIMENS  1/4  IN  AND  1  IN  DIAMETER.  TrtO  STEALS 
WERE  STUDIED,  EN  24  AND  NCMV  HEAT  TREATED  TO  1 2U 

ton/ s o  in  ts,  the  results  showed  that  en  24  was 

VERY  SUSCEPTIBLE  TO  PLATIN6  EMBRITTLEMENT,  THE 
MAXIMUM  STRtSS  FOR  UNLIMITED  LIFE  BEING  IN  THE  REGION 
OF  43  TUN/SU  IN  (30*  N T S ) .  NCMV  STEEL  WaS  FOUND 

to  be  Less  sensitive  having  a  corresponding  value  of 

62-70  TON/SN  IN  (40  TO  -458  NTS;-).  COMPARATIVE 
TESts  ON  NCMV  STEEL  SHOWED  NO  SIGNIFICANT 
DIFFERENCE  BETWEEN  THE  LIVES  OF  LARGE  >\ND.  SMALL 
SPECIMENS,  In  DETERMINING  THE  LIFE  UNDER  SUSTAINED 

load,  a  Minimum  testing  time  of  soo  hr  was  found  to 

BE  NECESSARY,  (aUnTHOR)  (U) 
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INITIAL  EVALUATIONS  OF  METALLURGICAL  VARIABLES  AS 

POSSlaLt  FACTORS  CONTROLLING  THE  RADIATION 

SENS  I  T'l'V  I  f  Y  OF  STRUCTURAL  STEELS,  (U) 

SEP  66-  HuP  HAWTHORNEtJ.  R.  {STEELED.  Ee 

ti 

t 

REPT.  NO.  N  R  L  -  6, “2  0 

Contract:  .at%<  **  v-s ) -2  i  10 

PROj:  KRUG":-Ul-q6-EH09 

UnCLASs;I..FI'EO  REPORT 


DESCRIPTORS;  {•STEEL,  *RaDIATI0N  DAMAGE),  REACTOR 
MATERIALS,  PRESSURE  VESSELS,  SENSITIVITY, 

DUCTl^LlTr,  CM8RI  TTLEMENT  ,  NEUTRONS.,  HEArT 

treatment,  microstructure 
identifiers?.  steel  a302-b 

EXPERIMENTAL  INVESTIGATIONS  FOR  THE  ISOLATION  AND 

assessment  op  metallurgical  factors  causing  variable 
radiation  EMBRITTLEMENT  sensitivity  of  reactor 
STRUCTURAL  steel s.  were  UNDERTAKEN,  using  both  large- 
TUNNauE  COMMERCIAL  HEaTS  and  special  laboratory  HEATS 
of  ^teel.  metallurgical  variables  being  evaluated 
INCLUDE  The  IDENTITY-  ANp.  quantity  of  MAJOR  ALLOYING 
ELEMENTS  aNu  of  res.ioual  elements,  steel-making 
PRACT1CL--BOTH  MELTING  (REFINING)  AND  HEAT 
TREATMENT  PRACTICE,  MICROSTRUCTURE,  and:  GAS  CONTENT* 

experimental  results  from  the  initial  series  of  the 

EXPLORATORY'  SCREENING  STUDIES  DEMONSTRATE  THAT  THE 
RAOIATIUN  SlnSI T  I  V  IT  Y  OF  A  STEEL  CAN  BE  ALTERED 
APPRECIABLY  THRuUtfR  HEAT  TREATMENT  PRACTICES  AND  THAT- 
M1CKOSTRUCTURE  PLAYS  A  dominant,  if  nut  the  most 
INFLUENTIAL,  role  IN  RADIATION  SENSITIVITY 
DEVELOPMENT,  a  TEMPERED  MARTENSITE  STRUCTURE  WAS 
NOTED  To  be  GENERALLY  LESS  RADIATION  SENSITIVE  THAN 
TEMPERED  UPPER  BAINITE  and  FERRITE  STRUCTURES,  THE 
DATA  ALSO  INDICATE  T.H A T  VACUUM  MELTING  AND  THE 
MINIMIZATION  OF  RESIDUAL  ELEMENT  CONTENT  YIELDS 
STEELS  nAVl^G  A  SuPERjUR  IRRADIATION  PERFORMANCE 

compared  with  steels  PRODUCED  by  conventional  open 

HEARTH  MELTING,  HOWEVER,  LONG-TERM  STRESS 

RELIEVING  HEAT  TREATMENTS  WERE  NOT  FOUND  TO  ALTER  THE 

IRRADIATION  RESPONSE  JF  A302-8  STEEd. 

(AUTHOR)  (U) 


{ U  > 
(U) 
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ARMY  MATERIALS  RESEARCH  AGENCY  WATERTOWN  MASS 

MECHANICAL  properttes  and  FRACTURE  SURFACE  topography 
OF  A  THERMALLY  c.  M  8  R  1  T  T  L  ED  STEEL.  IU) 

DESCRIPTIVE  NOTE^;.  TECHNICAL  REPT.;, 

SEP  66  36P  CARR, FRANK  L»  {NUNES, JOHN  J 

LARSON,  FRANK,  R,  ; 

REPT.  NO.  aMRa-Tk-66-28 
PrOJS  DA-1  AO1O5O10O1U 

UNCLASSIFIED  REPORT 


DESCRIPTORS*  {♦STEEL.  EMfiR I TTLEMENT )  ,  MECHAN 1 CaL 
PROPER TTtS,  FRACTURE(MECHANICSJ ,  TENSILE 
PROPERTIES,  FRACTOGRAPhY  ,  DUCTILITY,,  GRAIN 
BTRUCTURES(METALLURGY) ,  BRITTLENESS,  IMPACT  TESTS, 

NOTCH  SENSITIVITY 
Identifiers';  steel  31rq 

TENSILE  Flow  and  FRACTURE  PROPERTIES  of  3110  STEEL 
IN  BOTH  The  UNEMBRITTlED  and  EMBR I TTLtD  CONDITIONS 
ARE  PRESENTED  ANO  DISCUSSED.  CHARPY  IMPACT 
PROPERTIES  which  REFLECT  THE  INFLUENCE  OF  THERMAL 
embrittlement  on  the  transitional  behavior  are 
presented,  fracture  surface  topography  is 
DESCRIBlO.  quantitative  data  resui/ted  in 
TRANSITIONAL  CUnVES  for  all  three  'TYPES  of  specimens 
utilized,  this  fracture  surface  topography  also 
indicates  that  intergranular  fracture  has  varying 
degrees  of  DEFORMATION.  DUCTILITY;  ANu  ENERGY 
REQUIRED  FOR  SEPARATION,  SEVERAL  ASPECTS  UF 
THERMAL  EMBRITTLEMENT  ARE  DISCUSSED  RELATIVE  TO  THE 
OBSERV'AlIuN*  MADE  IN  THIS  STUDY.  (AUTHOR)  (U) 
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NAVAL  Rt/SfcAKCH  lAB  WASHINGTON  0  C 

IRRADIATION  EFFtCTS  .ON  KE*CftU)  STRUCTURAL 

MATERIALS.  \U^j 

DESCRIPTIVE  N u T £  1  NUARTEKLT  PRO-G  *£#5'  RbPi*it  t  A;U6?3'T 
OCT  66  i 

NOV  66  3uP  STEELE, L.  >L*  4,hAWTHQRN£  R. 

5  SERP AN  ,  C  •  l,  JgRAY.R.  A.  5 
R£PT.  NO.  NRL-MR-1731 

PROj;,  KR-0Q7-0 T-M6-5409  ,SF-U2a-ai-0b'-O*5S8 
UNCLASSIFIED  REP-OrT 

supplementary  note:  see  also  ao-6L-9  839* 

•OtSCRlPTORS;  (♦STEEL,  ♦RAOIATION  DAMAGE), 

i *reactok  materials,  radiation  daHagem  stainless 

STEEL,  NICKEL  ALlOYS,  CHROMIUM  alloys,  MOLYBDENUM 
ALLOYS,  flELOi>,  E  il  8  H  I  T  T  L  E  M  E’N  T STRUCTURAL  PaRTS, 
DUCTILITY,  NUCLEAR  RADIATION  (U) 

THE  RESEARCH  PRuGRAM  OF  THE  NRL  METALLURGY 
DIVISION,  REACTOR  MATERIALS  BRANCH,  Is 
DEVUTLD  TO  THE  DETERMINATION  OF  THE  EFFECTS  OF 

nuclear  Radiation  upon  the  properties  of  structural 
materials.  THE  OVERALL  PROGRAM  is  sponsored  by  the 
OFFICE  up  NAVAL  RESEARCH,  THE  NAVAL  SHIP 
SYSTEMS  CoMrtAND-,  THE  U*  S.  ATOMIC  ENERGY 
COMMISSION,  AND  THE  ARMY  NUCLEAR  POAEk 

program.  SINCE  research  findings  which  apply  TO 
THE  OBJECTIVES  OF  ONE  SPONSORING  AGENCY  ARE  ALSO  OF 
INTEREST  TO  THE  OTHERS,  THE  OVERALL  PROGRAM  PROGRESS 
IS  REPOnTeO  HERtlN.  THIS  REPORT,  COVERING  RESEARCH 
FUR  THE  PERIOD  1  AUGUST  -  31  OCTObER  4966, 

INCLUDES  THE  FOlLUWINgI  (1)  A  COMPARATIVE 
RESPONSE  OF  A^OE-b  AND  SEVERAL  HIGHER  STRENGTH 
STEELS  AFTER  IRrAOIATJOn  AT  200F  AND  aT  550f, 

(2)  A  COMPARATIVE  EVALUATION  OF  THE  NOTCH 
DUCTILITY  OF  3- l /2«N I -CR-MO  WELD  AND  BASE  PLATE 
AFTtR  IRRADIATION  AT  20UF  AND  AT  S&UF,  (3)  THE 
NOTCH  DUCTILITY  CHARACTERISTICS  OF  IRRADIATED  A I S 1 
30ML  AND  347  STAINLESS  STEELS  AFTER  EXPOSURE  TO  S 
AND  1U  X  jO  TO  THE  19TH  POWER  ,  (4)  The  RESPONSE 
OF  A3a0-LF1  (MODIFIED)  STEEL  TO  CYCLIC 
IRRADIATION  AND  ANNEALING  TREATMENT,  AND  (5)  THE 
ThRuUgH-ThICkNESS  EM8RI TTlEMENT  AND  NtUTRuN  FLUX 
VARIATIONS  1*J  A  SIMULATED  *AL  ■  UF  A  RbACTOR  PRESSURE 
VESSEL.  (AUTHOR  j  (U> 
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frankfokd  arsenal  Philadelphia  pa  pitman-dunn  research 

LABS 

THE  EFFECT  of  GRAIN  BOUNDARY  PENETRATION  ON-  ThE 

delayeo  failure  of  cu-2ss  be,  iuj 

JUN  66  1 2P  RINNOVaTORE, JAMES  V»  I 

CORRlE.JOHN  D.  jmarkus , harold  5 
PrO)J:  0A“4  CO  1  H50  1  b'32 A 

MONITOR:  Fa  A66-17 

UNCLASSIFIED  report 

AVAILABILITY:  Published  in  TRANSACTIONS  QUARTERLY 
VS9  N*»  P66S-71  DEC  1966. 

DESCRIPTORS;  ( *COPPER  ALLOYS, 

•  FAILUREIMECHANICS)  )  .  BERYLLIUM  ALLOYS,  LUUlD 
METALS,  ORaIN  BOUNUARIES,  PENETRATION, 

EMBRITTLEMENT  (U) 

THE  DELAYED  FAILURE  CHARACTERISTICS  OF  CU?2a 
BE  IN  THE  PRESENCE  OF  A  HG-2S  NA  AMALGAM  WAS 
STUDIED.  IT  WAS  SHOWN  THAT  GRAIN  BOUNDARY 
PENETRATION  OCCURS  IN  DELAYED  FAILURE  AND  ThAT  A 
CRITICAL  DEPTH  OF  PENETRATION  IS  NECESSARY  FOR 
EMBRITTLEMENT,  it  Was  ALSO  SHOWN  THAT  The  CRITICAL 
DEPTH  of  PENETRATION  IS  RELATED  INVERSELY  To  THE 
A  PPL  I  E\D  STRESS.  GRAIN  BOUNDARY  PENETRATION, 

HOWEVER,  HAS  NCT  SUFFICIENT  BY  ITSELF  TO  PRODUCE 

embrittlement,  although  the  concept  that  a 
critical  depth  of  penetration  is  NECESSARY  to  produce 

EMBRl TTlEMENT  I 3  VALID,  IT  WAS  SHOWN  THAT  THE 
GRIFFITH  EQUATION  OF  CRACK  PROPAGATION  IS  NOT 
DIRECTLY  APPLICABLE  TO  THE  PHENOMENON  OF  DELAYED 

failure*  (author  t u j 
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unclassified  report 

Supplementary  noTl:  see  also  ad-646.  662,» 

descriptors;  (*steeli  radiation  damage). 

(♦radiation  damage i  ‘Reactor  materials). 

tM3RXTTLEMENT  ,  NcUTRUNS,  DUCTILITY,  TENSILE 

properties,  stresses 

Identifiers;  stainless  steel  ajo2-b  iui 

the  REPuRT,  C 0 V t R I N u  kEsEaRCH  FOR  THE  PERIOD  1 
NOVEMBER  1966-31  JANUARY  1967,  INCLUDES  THE 
following:  111  lX£RIH£NTAL  A 3 0 2 ** B  STEEL 
HEATS  INSENSITIVE  TO  5S0F  I  R  RVA  0  I  A  T  1  U  N  ,  (2) 
radiation  embr i  itlemenT  of  steels  under  cyclic  versus 

CONSTANT  TEMPERATURE  EXPOSURE  CONDITIONS,  (3) 

EFFECT'S  OF  APPLIED  STRESS  DURING  IRRADIATION  ON  THE 
NOTCH  DUCTILITY  OF  A-3U2-B  STEEL,  (4}  TENSILE 
PROPERTY  CHANGES  THROUGH  THE  WALL  THICKNESS  OF  A 
SIMUlaTc-D  Rt  AC  Tor  PRESSURE  VESSEL,  (5J 
COMPARISON  OF  NEUTRON  FLUX  VALUES  FOR  FXSSION  VERSUS 
THRESHOLD-TYVE  MONITORS,  AND  {6}  EQUIPMENT  AND 
PROCEDURES  DEVELOPED  FOR  ELEVATED  TEMPERAfURE  REMOTE 
tension  testing  of  radioactive  specimens. 

(AUTHOR!  IU) 
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TEMPERED  MARTENSITE  EMBRITTLEMENT  AND  FRACTURE 
TOUGHNESS  IN  R3Rd  STEEL.  (U) 

descriptive  note;  technical  kept., 

JAN  67  29P  K  U  L  A  »  E  R  I  C  B.  UNCTIL, 

ALBERT  A.,  V 
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unclassified  report 


DESCRIPTORS;  (  *S  T.fEL  i  •EMBRITTLEMENT  J  , 

MARTENSITE,  FRACTURE  TfJECHANlCS),  TOUGHNESS, 

TENSILE  PROPERTIES  c  U ) 

IDENTIFIERS;  s-TtEL  A3RCI  (U) 

TEMPERED  MARTENSITE  EMBRITTLEMENT  (SOU  F 
EMBRITTLEMENT)  *aS  STUDIED  IN  H340  STEEL  BY  MEANS 
OF  CHARPY  IMPACT',  TENSION,  A'ND  FRACTURE  TOUGHNESS 
TESTS  CARRlfco  OUT  OVER  A  RVNGE  OF  TEST  TEMPER A TUR£S . 
EMBRITTLEMENT  «AS  SHOWN  IN  THE  IMPACT  TESTS  BY  A 
MINJMUM  IN  ROOM  TEMPERATURE  IMPACT  PROPERTIES  FOR 
TEMPERING  TEMPERATURES  RANGING  FROM  5 jO  to  650  F, 

THE  SAM.t  RANGE  FOR  WHICH  THE  TRANSITION  TEMPERATURE 

IS  A  maximum*  NO  evidence  OF  EMbR  I  t>tllment  WAS 
FOUND  IN  TENSION  OR  'ROOb  TEMPERATURE  FRACTURE 
TOUGHNESS  TESTS,  EMBRITTLEMENT  WAS  NOTED,  HOWEVER, 

IN.  FRACTURE  TOUGHNESS  TESTS  CARRIED  OUT  AT  -50  AND  - 
iuO  F  »  nHjCrt  .INDICATE^  THAT  LOW  TEMPERATURE  TESTING- 

AJLl  BE  necessary  FOR  proper  materials  evaluation, 

THC  PLANE  STRAIN  FRACTURE  TOUGHNESS  U  SUB 
ICJ  OF  VARIOUS  HEATS  QF  R3RU  5  f EEL  HAS  BEEN 
CORRELATED  WITH  THE  'WEIGHT  PERCENT  SULFUR  AND 
phosphorus  the  steel,  a  mechanism  for  tempereo 

MARTENSITE  GMBRl TTLEMENT  IS  PROPOSED,  CERTAIN 
IMPURITY  ELEMENTS,  SUCH  AS  PHOSPHORUS,  WHICH  ARE  MORE 
SOLUBLE  .'N  FERRDTE  THaN  in  CEmENTITE,  WILL  SEGREGATt 
i*N  THE  FERRITE  ADJACENT  to  the  CEMENTTTE  SHORTLY 
AFTER  THE  CEMENTITE  PRECIPITATION.  THIS  TRANSIENT 

enrichment  of  ferrite  by  impurity  elements  will  be 

EMBRTTTlInG  WHEN  THE  CEmENTITE  IS  IN  A  PLATELET  OR 
FILMY  FORM,  AND  PARTICULARLY  SO  IN  THE  REGION  OF  THE 
PRIOR  AU5TSNITE  GRAIN  BOUNDARIES,  WHEkE  THE  IMPURITY 
CONTENT  MAY  BE  mIGHlR  THAN  AVERAGE,  (AUTHOR)  (U) 


23 


UNCLASSIFIED 


IZBMLI 


unclassified 


ape  REPORT  BIBLJOGKAPHY  SEARCH  CONTROL  No.  i-ZBMLl 

A D “65 3  1 56  1J/6  13/8 

FRANKFORD  AH'SS.NmL  PHILADELPHIA  PA 

METHODS  For  minimizing  the  embrittling  effect  of 

HYDROGEN  IN  ELEC TROPL aTED  H I GH  STRENGTH  ALLOY  STEEL 
ITEMS.  ( U ) 

DESCRIPTIVE  NOTE;  FINAL  ENGINEERING  KEPT,, 

MAK  63  37P  OOUGHERT Y , EDA ARD  E,  ; 

PROj:  IEP*'60-^J  10-2 

UNCLASSIFIED  REPORT 

supplementary  note;  kept,  on  industrial  engineering 
proj. 

descriptors:  i *embp<’1 ttlement ,  *steel)»  <*alloys» 

STEEL;)' 'i  ElECTROPuAITInG,  MECHANICAL  PROPERTIES, 

HYDROGEN,  STRUCTURAL  PROPERTIES,  CADMIUM, 

THEORY,  CHROMUIM,  TESTS  (U) 

THE  PAPER  CUNT  A  l  Nb  METHODS  FOR  ELIMINATING  HYDROGEN 
EM8RI  TTuEmENt  OF  CADMIUM  ANO  chromi.um  ELEcTROPLATEO 
ultra  high  strength  alloy  steel  items  for  cartridge 
OR  PROPELLANT  actuated  devices,  since  The 
INITIATION  of  The  project,  IT  has  been  CONCLUDED  THaT 
THE  ONLY  way  TO  COMPLETELY  ELIMINATE  HYDROGEN 
EMBRITTLEMENT  Is  TO  AVOJO  COMPLETELY  THE  INTRODUCTION 
OF  HYDROGEN  INTO  THE  ITEM  BEING  PLATED.  METHODS  TO 
MINIMIZE  EMBRITTLEMENT,  TO  THE  POINT  THAT  IT  WILL  NOT 
INTERFERE  WITH  THE  FUNCTiON  Of  APPLICABLE  ITEMS,  HAVE 
BEEN  DETERMINED,  (AUTHOR)  lU) 
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NAVY  MARINE  ENGINEERING  LAB  ANNAPOLIS  MO 

STRESS-RELIEF  Ef1dRlTTL.£MENT  OF  A X -  1  4 0,  -AN 0,  ErllOlB 
WELD  METALS,  (U) 

MAR  67  29P  ROSENSTEIN.ALAN  H.  5ASCHE, 

W.  H,  5 
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UNCLASSIFIED  REPORT 


DESCRIPTORS;  <*WtLDS,  STRESS  RELIEVING), 

(•STRESS  RELIEVING,  ‘METALS),  ( *EMBR I TTLEMENT , 

WELDS),  THERMAL  STRESSES,  SURFACE  PROPERTIES, 

TRANSITION  TEMPERATURE,  THICKNESS,  STRESSES, 

TEMPERATURE,  IMPACT  TESTS,  TIME, 

FRACTURE-IMECHANICS)  ,  TOUGHNESS,  ANALYSTS, 

TESTS  (U) 

AN  ATTEMPT  WAS  MADE  TO  ARRIVE  AT  OPTIMUM  STRESS- 

relief  treatments  (maximum  relief  of  residual 

STRESS  WITH  MINIMUM  INCREASE  IN  TRANSITION 
TEMPERATURE)  FOR  AX-1R0  AND  E-110U8  WELD 
METALS.  STRESS-RELIEF  Of  E-UO10  RESULTS  IN 
ACCEPTABLE  TOUGHNESS  (ALTHOUGH  SOFTENING  MUST  BE 

considered),  whereas,  stress-relief  OF  ax-mo  CAN 
produce  SEVERE  embrittlement,  a  SATISFACTORY 
thermal  stress-relief  treatment  cannot  be  specified 

FOR  AELdMeNTS  INVOLVING  aX-MO.  WELD  mETal 

properties  vary  through  the  thickness  of  the  weld. 

CENTER-OF-WELDMtNT  MATERIAL  IS  NOT  AS  TOUGH  AS 
surface  MATERIAL  IN  T-rE'  as-welded  CONDITION  and 
EXHIBITS  A  GREATER  SUSCEPTIBILITY  to  STRESS-RELIEF 
EMBRITTLEMENT,  (author)  (U) 
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descriptive  note:-  quarterly  progress  rept.  i  feb-30 

APR  67, 

may  67  62P  HAWTHORNE, J.  R»  ISERPANiC, 
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Supplementary  nuTc.;  see  also  ad-6S0 

descriptors,:  (.reactor  materials,  .radiation 

DAMAGE! i  (.STEEL,  RADIATION  DAMAGE),  NfcUTRQN 
REACTIONS,-  METAL  PLATES,  DUCTILITY,  MANAGING 
STEElS,,  EMBRITTLEMENT,  NOTCH  SENSITIVITY,  WElDS, 
ANNEALINO,  PRESSURE  VESSELS,-  MILLING  MACHINES, 

AUTOMATIC,  Test  EQUIPMENT,  remote  CONTROL  systems, 

POWER  REACTORS,  PRESSURIZED  WATER'  REACTORS,  HEAVY 
WATER  REACTORS 

IDENTIFIERS;  ARMY  RE  AC  TORSI Mh- 1 ) ,  ARMY 
REACTORSlSM-1 ) ,  carolinas-virginia  TUBE 

REACTOR,  STEEL  A3U2-B,  STEEL  A3S0-LF1  (u> 

THE  REPORT  INCLUOES  THE  FOLLOWING;  (1)  A 
COMPARISON  of  The  RESPONSE  of  SELECTED  STRUCTURAL 
STEELS  TO  IRRADIATION  AT  550  AND  650F  TO  HIGH 
neutron  fluences,  ui  the  through-thickness 
CHARPY-V  NOTCH  DUCTILITY  PERFORMANCE  OF  A  10-1/2. 

IN. -THICK  PLATE  of  IRRADIATED  A302-8  STEEL. 

(3)  AN  INVESTIGATION  OF  THE  EFFECTS  OF  OXYGEN  AND 
NITROGEN  CONTENTS  ON  THE  RADIATION  EMBRITTLEMENT 
SENSITIVITY  OF  7-1/2NI-CR-M0  STEEL  AT  25UF» 

1 4 )  the  notch  ductility  behavior  of  irradiated 

1 2NI-5CK-3M0  MANAGING  STEEL  WELDMENTS,  (5) 

THE  RtSPONSt  OF  A35U-i.Fl  (MODIFIED)  STEEL  TO 
P 0 S T I R R A D I  A  T ION  ANNt AL I NG  AT  TEMPERATURES  I  N  THb 
RANuE  OF  S5U  TO  590F,  (6)  THE  NOTCH  DUCTILITY 
BEHAVIOR  OF  A35U-LF1  (MODIFIED)  STELL  WITH 
CYCLIC  R3uF  I RRaD ! AT  I  ON- 1 68  HOUR  ANNEALING. 

(7)  THE  PREIRRADIATION  MECHANICAL  PROPERTIES  OF 
THE  MH-IA  He. AC TuR  PRESSURE  VESSEL  STEEL,  (8) 

THE  NOTCH  DUCTILITY  OF  SEVERAL  REACTOR  STRUCTURAL 
STEELS  AFTER  IRrADIATJOn  IN  A  HEAVY  WATER  MODERATED 
REACTOR,  (9)  T He.  MODIFICATION,  INSTALLATION,  AND 

initial  operation  of  a  remotely  operated,  tape- 
controlled  MILLINu  MACHINE^  (U) 
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MONASTER  uNIV  H  aH  I L  T  Oi'  (ONTARIO)  D£PT  Op  METALLURGY  ANO 

metallurgical  engineering 

THE  EMBRITTLEMENT  OF  cOPPER-17  ATOfl.i-C  5  ALUMINUM 
ALLOY  BY  UWUID  MtRCUh  Y .  (U) 

DESCRIPTIVE  note:  technical  rept., 

AUG  6 7  I  1  VP  IVES.M.  B »  {HANCOCKVP. 

C.  ! 

Rept.  tr-9 

Contract:  nOnr-3v2b(uo) 

UNCLAaSIFlEu  REPORT 


descriptors;  (•embrittlement,  ^liquid  metalS), 

(•COPPER  ALLOYS,  EMBRITTLEMENT),  DEFORMATION, 

CRACKS,  STRESSES,  FRACTURE (MECHANICS) , 

MERCURY,  HARDENING,  PLASTICITY,  MICRUSTRUCTURE, 

CRAlN  STRUCTURES(METALLURGY)  ,  ALUMINUM  ALLOYS  <‘U ) 

Identifiers:  copper  alloy  i7al  IU) 

THE  ROLL  OF  PLASTIC  DEFORMATION  IN  THE  INITIATION 
and  propagation  OF  CRACKS  IN  C  U -  1 7  A  I  alloy 
EMBRITTLED  by  L I WU 1 0  MERCURY  HAS  BEEN  STUDIED.  IT 
JS  ProPUSED  THAT  extensive  PLASTIC  DEFORMATION  and 
WORK  HARDENING  MUST  OCCUR  AT  THE  CRACK-TIP  DURING 
PROPAGATION  IN  ORDER  TO  RAl>SE  THE  LOCAL  FLOrt  STRESS 
TO  A  CRITICAL  LEVEL  AT  WHICH  THE  MAXIMUM  NORMAL 
STRESS  IS  EuUAL  TO  THE  COHESIVE  STRENGTH.  STRONG 
INDICATION  is  GIVEN  that  A  ’critical  APPLIED  STRESS’ 
CRITERION  for  FRACTURE  IS  NOT  APPLICABLE  FOR  THIS 
MATERIAL,  MICRO-cHACKS  are  formed  at  WEAKENED 
GRAIN  BOUNDARIES  ANO  a  PERIOD  OF  STABLE  CRACK  GROrtTH 
MADE  OVc.R  A  PERIOD  OF  INCREASING  APPLIED  STRESS  MAY 
BE  NECESSARY  BEf-ORE  ThE  CRACK  IS  LONG  ENOUGH  TO 
BECOME  UNSTABLE,  (AUTHOR)  (U ) 
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STUDY  OF  THE  EFFECT  OF  LIQUID-  ENVIRONMENT  On  THE 
EMBRITTLEMENT  Of  SOLID?*  ( U ) 

DESCRIPTIVE  NOTE;  FINAL  KEPT,  I  JAN  S9-31  DEC  66, 

DUN  67  6  JP  CAiJOFF,!.  B.  5 
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unclassified  report 


descriptors:  (•embrittlement,  -solids), 

(•LIQUIDS,  EMBRITTLEMENT),  COPPER  ALLOYS, 

MERCURY,  liquid  metals,  MlCROSTRUCTURE,  GRAIN 
SUE,  ADSORPT.ION,  GRAIN  BOUNDARIES,  STRESSES, 
FRACTURE(MECHANICS) ,  SILVER  COMPOUNDS, 

CHLORIDES,  SOLUTIONS,  DUC T  I L 1 T Y  ,  HtRCuHY 

ALLOYS  (U) 

THE  EFFECT  OF  ENVIRONMENT  ON  THE  MECHANICAL 
PROPERTIES  OF  Solids  A  AS  INVESTIGATED,  the  two 
PRINCIPAL  SYSTEMS  STUDIED  WERE;  THE  EllBR I TTlEMENT 
OF  COPPER  AND  CUPPER  aLLO>S  IN  MERCUR'Y  and  mercury 
AMALGAMS,  THE  EMBR I T TLEMEnT  Of  SILVER  CHLORIDE  IN 

adueous  solutions,  the  principal  factors  studied 

•WERE  ALLOY  COMPOSITION!  M I  CROSTrUcjURE  ,  INCLUDING 
GRAIN  SIZE,  PRECIPITATION  EFFECTS,  GRAIN  BOUNDARY 
ORIENTATION  RELATIONSHIPS;  AND  COMPOSITION  OF  THE 

liquid  environmcnt,  in  general  it  was  found  that 

EMBRITTLEMENT  COULD  BE  ATTRIBUTED  TO  ADSORPTION  OF 
•ACTIVE*  ions  at  SITES  OF  HIGH  STRESS  CONCENTRATION 
IN  The  aOulO,  WITH  This  adsorption  RESULTING  in  lowek 
COHESION  BETWEEN  SOlIu-SOLIO  BONOS,  HIGH  STRESS 
CONCENTRATIONS  arc.  ASSOCIATED  with  T He.  DISLOCATION 
INTERAC  r  IONS  -at  HIGH  ANGLE  GRaIN  BOUNDARIES, 
PRECIPITATES  and  NOTCHES,  (AUTHOR)  (U) 
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through-thickness  notch  ductility  and  tension 

PROPERTIES  AS  A  FUNCTION  OF  NEUTRON  EXPOSURE  TO  A 
SIMULATED  PRESSURE  VESSEL  AALl  OF  AS02-B,  S'TtEL »  (U) 

DESCRIPTIVE  NOTE;  FINAL  KEPT.A, 

JUN  67  IbP  SERPAN  s  CHAKLES  2,  ,  JR.,  5 
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UNCLASSIFIED  REPORT 


DESCRIPTORS;  ( • S  T  E  EL  »  *RAD 1  A T I QN  DAMAGE >  , 

PRESSURE  VESSELS,  DUCTILITY,  EMBRITTLEMENT , 

NOTCH  SENSITIVITY,  T, ENSILE  PROPERTIES,  NEUTRON 

reactions,  power  reactors,  light  water  Reactors, 
thicrness  i.u  j 

identifiers;  stecl  a3o/-u  (v1.) 

NOTCH  DUCTILITY  AND  TENSION-PROPERTY  MEASUREMENTS 
HAVE  BEEN  MADE  USING  SPECIMENS  IRRADIATED  WlTHlN  ,'A 

large  'Steel  tes r  assembly  simulating,  the  pRessurl- 
vessel  WALL  of  A  L1GHT-WA'T<EK-M0DERATED  poaer  reactor* 
THE  A302-B-  steel  SPECIMENS,  SPACED  AT  INTERVALS 
THROUGH  The  6-IN,  THICKNESS  of  the  ASSEMBLY,  showed 
THE  GREATEST-  EMbRITTLE'MENT  AND  TENSILE  PROPERTY 
CHANGES  From  IRRADIATION  locations  nearest  the  fuel 
core,  AND  CORRESPONDINGLY  SMALLER'  CHANGES  FARTHER 
FROM  THE  CORE,  MEASURED  NEUTRON  FLUXES  OF  ENERGIES 
GREATER  THAN  l  M£,V  ,  BaSEQ  UPON  AN  ASSUMED  FISSION 
SPECTRUM,  COMPARED  WELL  WjTH  CALCULATED  SPECTRUM 
NEUTRON  FlUXES  OF  ENERGIES  GREATER  THAN  1  M£V  FOR 
ALL  TEST  ASSEMBLY  LOCa-TIOnS,  THUS  PROVIDING  THE  BASIS 
FOR  FUTuRe  ESTIMATES'  OF  PROPERTY  CHANGES  THROUGH  THE 

thickness  of  heavy-walled  reactor  pressure  vessels. 

(AUTHOR)  (U) 
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DtScRipTOKS:  (•embrittlement,  uwuid  metals;., 

(•FRACTURE ( McCHAnTCS I ,  METALS),  BRITTLENESS, 

CHEMICAL  BONDS,  A>O.SORPT  TON,  SURF  ACE-ACT  I‘VE 
SUBSTANCES,  DIFFUSION,  STRESSES,  CRACKS,  CRACK 
PROPAGATION-,  FAT  I  GuE(  MECHANICS  )  ,  AlLOY-S.  (U) 

SOLID  MtTALi  CAN  BE  CAUSED  TO  BEHAVE  IN  A  BRITTLE 

manner  by  eaposur.e  to  a  variety  of  physical  or 

CHEMICAL  ENVIRONMENTS,  PERHAPS  IHt  MOST  DRAMATIC 
EXAMPLES  pF  such  EFFECTS,  HOWEVER,  RESULT  From 
EAPOSxfRE  TO'  SURFACE  ACTIVE  LiyUjD  METALS, 

SPECIMENS  PRE-STRESSED  ABOVE  SOME  CRITICAL  VALUE 
FAIL  VIRTUALLY  INSTANTLY  ON  BEING  WETTED  BY  AN 
APPROPRIATE  LIQUID  METAL.,  AND  *  8R 1  TT Lt  ’  CRACK 
PROPalATIuN  RATtS  OF  ORDER  100  CM  PER  §&£$  HAVE  BEEN 
RtCORDEu  IN  OTHERWISE  DUCTILE  METALS  UNDER  SUCH 
ENVIRONMENTAL  conditions,  such  effects  ar;e 
vPRESENTlY  CONSIDERED  TO  RESULT  =from  auSo;<p'ti  on- 
M'l D 0 c E D  ,R  £  D  U  c  T  Mu  N  5  IN  T.HE  COHESIVE  ST.rEM'GTH  OF  ATOMIC 
bonds  at  regions  of  stress  CONCENTRAT iiON  IN  The  SOLIO 
MUAL,  l.g*  at  THE  tips  of  CRACKS  OK  in  the  VIOtfN'lTY 
OF  FILED  UP  GROUPS  OF  DISLOCATIONS.  THIS  PAPER 
DESCRIBES  THE  RtSULCS,  OF  A  NUMBER  OF  RECENT 
INVEST IlAtIgnS  jN  THIS  TTPE  OF  LlOUlO-METAL 
EMBkiTTlEMENT  ,  AND  DISCUSSES  THE  PREREQUISITES  AND, 

POSSIBLE.  MECHANISMS  FOR  ITS  OCCURRENCES  ALSO 
DISCUSSED  ARE  THE  EFFECTS  OF  SUCH  VARiXBLtS  AS 
CHEMJLAL  COMPOSITION  OF  THE  SOL  I  0  -AND  L \ Qu  I D  METAL 
PHASES,  TEMPERATURE,  pRtSTRA  IN,,  RATE  UF  LOADING, 

,£TC.,  ON  SEVERITY  OF  EMBRITTLEMENT,  AND  SUCH  TOPICS 
AS  The  POSSIBLE  CORRELATION  BETWEEN  StVtRlTr  OF 
EMBRITTLEMENT  and  electronegativity,  THE  USE  OF 
•INERT  CARRIER'  LIQUID  METALS,  POSSIBLE  MEAN'S  OF 
INHIBITING  l  IwUiO-METaL  EMBRITTLEMENT,  AN{>  CRITERIA 
FOR  BRUTlE  FAILURE.  (AuThOR)  (U) 
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I K  R  A b'l A T'ivQsj  EFFtCTS  ON  KEaCTOK  STRUCTURAL 
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DESCRIPTIVE  NOTE;  QUARTERLY  PROGRESS  RtPT.  1  MaY-3J 
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AUG  67  R7P  HAWTHORNE, J.  RUSSELL  J 

StRPAN,  CHARGES  -Zf.  ,  JR*  i  WATSON,  HENRY  g*  { 

LOSS , pRANK  J,  | POTAPOVS , ULD  J  S  \ 

REPT*  NO.  NRL-MR-iaOfa 
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UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTtJ  SEE  ALSO  AD-656  57fa» 

DESCRIPTORS;  ( *Rt ACTOR  MATERIALS,  •RADIATION 
DAMAGE),  (•STEEL*  RADIATION  DAMAGE),  PRESSURE 
VESSELS,  METAL  PlATES,  NICKEL  ALlOYS,  CHROMIUM 
ALLOYS,  MOuYclDENUM  ALLOYS,  VANADIUM  ALLOYS, 

DUCTILITY,  TtNSlLE  PROPERTIES,  EMBRITTLEMENT, 
AGINGIMATERI  ALS)  NEUTRONS#  SENSITIVITY  IU) 

the  report  incluoes  the  following;  ui 
THROUGH-THICKNESS  RADIATION  RESISTANCE  OF  TaO  a533 
GRADE  B,  CLASS  ;  STEEL  PLATES  AT  550  F, 

12)  DIRECTIONAL  NOT C DUCTILITY  PERFORMANCE  Of 
IRRADIATED  J  ~  1  /  2  N  I  ~  C  R;-  M  0  AND  5NI-CR-M0- 

v  steel  plates,  u»  raoiation  sensitivity  of 
A 353  m  NICKEL)  STEEL  AS  INFLUENCED  BY 
percent  retained  austenite,  m  tensile 

PROPERTIES  BEHAVIOR  VERSUS  POS T i RR AO  I  A T I  ON  TEST 
TEMPERATURE  OF  SELECTED  STRUCTURAL  STEELS,  (5) 

POTENTIAL  for  aging  embrittlement  of  PRESSURE  VESSEL 
STEELS,  (6)  POSTPRESSURIZATION  TEST  OPERATIONS  ON 
PM-ZA  REACTOR  PRESSURE  VESSEL,  aNd  (7) 

auxiliary  equipment  developed  for  elevated 
TEMPERATURE  remote  tension  testing  of  RADIOACTIVE 
specimens,  (AUTHOR)  (U) 
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DESCRIPTORS':  (^TITANIUM  ALLOYS,  EMBRITTLEMENT), 

(•STRESS  CORROSiON,  T  .  T  A  N  J  U  M  ALLOYS),  SEA  WATER, 
MlCROSTRUCTURE,  FRaCTURE(MCGHANICS).,  RUPTURE, 

ALUMINUM  ALLOYS,  niobium  alloys,  tantalum  alloys  (U) 
Identifiers:  titanium  alloy  7al2nbi7a  'uj 

SEA-WaTlK  STRESS-  corroston  tests  ON  NOTCHED 
CANTI.LEVEr-BE.AM  SPECIMENS  of  ALlPy.  TI-7AL- 
2CB-1TA  (Tl-721)  DEMONSTRATED  THAT  IT  HAS  A 

transition  in  behavior  with  increasing  notch 

SHARPNESS-,  3ea-„ATER  TESTS  ON  ALLOY  TI-721 
INDICATE  THAT  A  THRESHOLD  STRESS  LEVEL  EXISTS  BELOW 
WHICH  STRESS  COkROSION  DOES  NOT  OCCUR.  SEA-wAT'EK 
STRESS  CORROSION  IS  DEPENDENT  ON  THE  PRESENCE  OF 
EMBRITTLING  CONSTITUENTS  IN  THE  ALLOY.  ALLOY 
CHEMISTRY  and  Heat  TREATMENT  are  the  most  SIGNIFICANT 
FACTORS  WHICH  CONTROL  SENSITIVITY.  THE  RESULTS  OF 
TESTS  MADE  UN  A  SERIES  OF  TI-AL  BINARY  ALLOYS 
INDICATE  THAT  ALUMINUM  IN  SOLID  SOLUTION  DOES  NOT 
CAUSE  STRESS  CORROSION,  BUT  THAT  IT  IS  CAUSED  BY  A 
FlNUE  AMOUNT  Of  a  COHERENT  T 1 3  AL .  A  DECREASE 
IN  ALUMINUM  AND  OXYgEN  CONTENTS  AND  THE  ADDITION  OF 
ISOMORPHOUS  BETA  STABILIZERS  IMPROVE  THE  RESISTANCE 
OF  TI-AL  ALLOYS  TO  SEA-RATER  STRESS  CORROSION  BY 
SUPPRESSING  THE  FORMATION  OF  T I  3 AL .  A  STRESs- 
SURPTIO.M  CRACKInC,  MtCHAwISM  Is  SUGGESTED  AS  A  GENERAL- 
MODEL  FOR  THE  EMBRITTLEMENT  OF  TITANIUM  AND  TITANIUM 
ALLOYS  IN  SEAWATErt.  (AUTHOR)  IU) 
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Yankee  reactor  pressure-vessel  surveillance:  notch 
ductility  performance  op  vessel  steel  and  maximum 

SERVICE  FLUENCE  DETERMINED  F RDM  EXPOSURE  DURING  CORE* 
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DESCRIPTORS;  (*STEEL,  RADIATION  DAMAGE), 

(•RADIATION  DaMAoE,  -REACTOR  MATERIALS), 

E M B.RJ  TTLEMENT  ,  NEUTRUN  FL-UX;  D.UC-T  I4L  I  T  Y-, 

I  EMPER.A  tore  j  pressure  VESSELS,  TRANSITION 

TEMPERATURE  IU) 

identifiers^,  steel  a-3q2~b,  Yankee  atomic 

POWER  REACTOR  (U) 

CriARPY  V-NOIGH  SPECIMENS,  REPRESENTATIVE  OF  ONE 
OF  THE  SEVERAL  HEATS  OF  A 302-8  STEEL  FORMINc,  THE 
YANKEE  REACTOR  PRESSURE  VESSEL  AND  IRRADIATED  AS 
PART  OF  THE  YANKEE  SURVEILLANCE  PROuRaM,  WERE 
tested.  SPECIMENS  of  this  particular  HEAT, 

IRRADIATED  IN  Nt aR-'vORE  (ACCELERATED)  AS  wElL  AS 
IN  VESSEL-WAIL  LOCATIONS,  SHOWED  MORE  EMBRITTLEMENT 
THAN  OlU  SPtC'IMtNS  O'F  A  REFERENCE  STEfcL  HEAT  OF  THE 
SAMt  NOMINAL  A3u2-B  COMPOSITION  IRRADIATED 
SIMULTANEOUSLY  IN  THE  SAME  SURVEILLANCE  CAPSULES, 

THOSE  SPECIMENS  FROM  BOTH  THE  YANKEE  VESSEL  HEAT 
AND  THE  REFERENCE  HLAT  IRRADIATED  AT  THE  VESSEL-WALL 
LOCATION  DEPICTED  A  HJGhER  DAMAGE  RATt  ThaN  THAT  FOR 
f HE  ACCELERATED  LOCATION,  THE  CAUSE  OF  THIS 

difference  in  embrittlement  response  could  not  be 

ATTRIBUTED  to  Ah  EFFECT  OF  CYCLIC,  SERVICE 
IRRADIATION  TEMPERATURES,  but  could  BE  TRACED  TO  a 

qualitative  relationship  of  thermal  tu  fast  oi 
MEV)  neutron  FLUXES.  THIS  RATIO  WAS  IN  EXCESS 
OF  ABOUT  9; l  AT  TttE  VESSEL-WALL  LOCATION  VERSUS  A 
RATIO  LESS  Than  ABOUT  9:1  FOR  THE  ACCELERATED 
LUCAT 1  ON «  THE  COMPUTATION  OF  A  MAXIMUM  SERVICE 
FLUENCE  OF  I.H6XIU  TO  THE  19TH  POWER  N/SQ  CM  OQ.b 
MEV)  WAS  MADE  PuSSIBLE  BY  ESTABLISHMENT  OF  THE 
NEUTRON  SPECTRUM  AT  ThE  REACTOR  VESSEL  WALL  USING 
COMPUTER  CALCULATIONS,  THE  MAXIMUM  FLUENCE  DERIVED 
BY  THIS  TECHNIQUE  COMPARED  FAVORABLY  WITH  ANOTHER 
VALUE  GIVEN  BY  aN  INDEPeNDENTlY-DEVELUPED  CALCULATE D^jU) 
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DESCRIPTORS;  (*POlYV1NYL  CHLORIDE,  TROPICAL 
TESTS'),  (•ELECTRIC  INSULATION,  TROPICAL  TESTS), 

PLASTICS,  TROPICAL  DETERIORATION,  ENVIRONMENTAL 

tests,  plasticizers,  insecticides,  additives, 

EMdRTTTLEMENT ,  PtST  COnTKOL,  ISOPTEKA  IU) 

AN  INVESTIGATION  OF  TERMITE  ATTACK  UPON  POLYMERIC 
MATERIALS  IS  IN  PROGRESS.  SO  FAR,  THIRTY-TWO 
FORMULATIONS  CONTAINING  POLYVINYL  CHLURIDE  RESlN  HAVE 
BEEN  PREPARED  INCORPORATING,  VARIOUSLY  FOUR 

plasticizers,  three  toxicants  and  two  degrees  of 

HARDNESS.  Oh  THc.  H8U  SPECIMENS  EXPOSEO  FOR  ABOUT 
TrtO  YEARS  IN.  THE  PANAMA  JUNGLE,  122  SPECIMENS 
USi)  SHQ«  LVlOtNCE  OF  ATTACK,  RANGING  FROM  LlGhT 

to  heavy,  although  in  general  the  attack  was  light. 
SEVENTY'-SeVEN  of  THE  DAMAGED  specimens  CONTAINED  no 
TOXICANT.  Oh  THt  TOXICANTS,  LINDANE  WAS  GENERALLY 
MORE  EFFECTIVE  THAN  EITHER  ALoRlN  OK  OlELDRlN. 

specimens  containing  uIoctyl  phthalate  plasticizer 

HAD  THE  HIGHEST  INCIDENCE  OF  ATTACK-,  ALTHOUGH,  IN  THE 
absence  of  A  TOXICANT,  specimens  containing  other 

PtAbTIClZeRS  WERE  ATTACKED  NEARLY  AS  MUCH.  NO 

significant  difference  IN  the  incidence  of  attack 

DEVELOPED  BETWEtN  THOSE  SPECIMENS  CONTAINING  LOW  AND 

high  percentage*  of  silica,  after  two  years* 

EXPOSURE,  SPECIMEN  SHRINKAGE  OCCURRED  IN  ALL  SAMPLES 
PLASTICIZED  wITh  DI'UCTYl  ADIPaTE.  THiS  SHRINKAGE 
WAS  ACCOMPANIED  dY  AN  EMBR I TTlEmInT  WHICH  PRESUMABLY 
AuDc.0  TU  TERMITt  RESISTANCE.  (AUTHOR)  *U) 
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Au-064  s9a  2U/11  11/6  H/2 

NATIONAL  f&LHNlCAL  UNjV  ATHENS  (GREECE)  LAB  FoR  TESTING 
materials 

f HE  EFFECT  OF  TuKSIUNaL  PLESTRAIN  ON  THE 
EMBRITTLEMENT  OF  MILD  5.TEEL.  (U) 

DESCRIPTIVE  NUTE;  FINAL  TECHNICAL  KEPT-.  JUL  66-JUN  67» 
JUN  67  2 HP  THEOCARIS, PERICLES  S,  ; 

CONTRACT!  0A-91rb91-EUC“R085 
PROj:  DA-2001H501BJ3G 

UNCLASSIFIED  REPORT 


descriptors;  (*steel,  embrittlement), 

{  *METalLURij  I  CAL  LABORATORIES,  GREECE),  CRACK 
PROPAGATION,  FA1lUR£IM£CHANICS)  , 

FRACTurEIMeChaNRS)  ,  TORSION,  DUCTILE  brittle 
TRANSITION,  jT.REsSES,  DEFORMATION,  RODS,  NOTCH 
TOUGHNESS  (U) 

IDENTIFIERS;  PLES TR A  I N ( MECHANI CS )  (U) 

THE  PAPtR  PRESEwTS  THE  RESULTS  UF  A  SERIES  OF  TESTS 
ON  NOTCHED  SPECIMENS  mAO.E  OF  LOrt-CAKBON  DIN  37 
STEEL,  WHICH  WERE  TORSlONALLY  PRESTRAiNED  BY 
DIFFERENT  AMOUnTs  A T  THEIR  PLAIN.  UR  NOTCHED  STATE  AND 
THEN  TEBTEO  IN  TENSION  TO  FAILURE.  THESE  TESTS 
SHOWED  THE  OELETER.10US  INFLUENCE  OF  PKETWIStING  on 
THE  EXHAUSTION  UF  DUCTILITY  OF  THE  METAL,  1<T  WAS 

shown  that  the  most  effective  mode  for  exhausting  the 

DUCTILITY  OF  THE  METAl  WAS  ACHIEVED  WHEN  PRETwlSTED 

bars  were  sharpy  notched  and  twisted,  before 

FRACTURlNt,  In  TENSION.  GENUINE  BRITTLE  FRACTURES 
OCCURRING  AT  a  NOMINAL  STRESS  LOWER  THAN  THE  VIRGIN 
Y 1  El*  STRENGTH  OF  THE  MATERIAL  WERE  CONSISTENTLY 
PRODUCED  IN  THIS  MANNER.  A  SERIES  OF  PLAIN  TORSION 
BARS  SUBMITTED  TO  SEVERE  twisting,  FOLLOWED  BY  A 
grauual  Reverse  torsion,  showed  that  the  failure 
stresses  of  the  subsequently  sliced  tension  specimens 
passed  through  consecutive  relative  maxima  and  minima 
BEFORc  REACHING  a  maximum  failure  stress 
correspunding  to  an  untwisting  angle  equal  to  the 
initial  TrtlsTINu.  ALL  FRACTURES  IN  T  H  t  S  E  SPEC  I MENb 
WERE  HIGH  SfRESs  FAILURES.  (AUTHOR)  (U) 
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AO-66‘1  6Ra  13/10 

NAVAL  research  LAB  .YASriINGTON  D  C 

THE  EKFtCTS  Op  COUPLING  NUCLEAR  R  AD  I  A  T  I  ON  A l TH  STATIC 
AND  CYCLIC  SERVICE  STRESSES  AND  OF  PERIODIC  PROOF 
TESTING  On  PRESSURE  VESSEL  MATERIAL  BEHAVIOR.  <U> 

descriptive  note*  phase  i  of  final  rept.  , 

AUG  67  RSP  HAWTHORNE, J.  R.  c{LOSS,F. 

j.  ; 

RtPT.  NO.  NRL-6620 

PrOJI  RR-0U7-01-R6-SRQ9 t  SF-02U-U 1 -0S-UQ58 
UNCLASSIFIED  REPORT 


DESCRIPTORS;  (*Rc.ACTOR  MATERIALS,  ♦STElL), 

.(•pressure  vessels,  ‘Radiation  damage), 

STRUCTURAL  PARTS,.  NUCLEAR  RAOIaTJON,  stresses, 

TEST  -METHODS,  AGInGI  MATERIALS)  , 

FATIuUElMEcHANICS) ,  TRANSITION  temperature, 
EMBRITTLEMENT,  DucTULITY,  NEUTRON  REACTIONS  IU) 

IDENTIFIERS*  HYDRO-TESTING,  STEEl  A-302,  STEEL 
A-3SU  <  U ) 

THE  .NUCLEAR  SERVICE  PE RF  RMaNcE  OF  STRUCTURAL 
STEELS  AS  INFLUENCED  BY  STATIC  AND  CYCLIC  STRESS 

applications  during  radiation  exposure  was  .examined 
and  documented  .yith  experimental  results,  the 
SIGNIFICANCE  and  herits  of  INITIAL  and  subsequent 
proof  Tests  of  .large  structural  cumponents-  such  as 

THE  HYDRO-TlSTING  OF  NUCLEAR  REACTOR  PRESSURE  VESSELS 
>W £  R  d  ALSO  REVIEWED  AND  tVALUATED.  PERFORMANCE 

following  preload  in  the  form  of  warm  prestkessinu  as 
well  as  a 0 i n g  embri  itlement  were  among  those  factors 
CUNbjDEREDi  (AUTHOR)  <u) 
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MARTIN  CO  BALTIMORE  MO  RESEARCH  INST  FOR  ADVANCED 
STUDIES 

CRITICAL  SPECIES  IN  STRESS  CORROSION  PHENOMENA* 

67  23P  PUGH.E.  N •  {WESTWOOD, A. 

R.  c.  ; 

CONTRACT:  0A-3I-12H-AR0(0)-2S8 

PROj:?  DA-200HS01B32D 

monitor:  aroo  5023:s 

UNCLASSIFIED  REPORT 

AVAILABILITY;  PUBLISHED  IN  STRESS  CORROSION 
TESTING,  SPECIAL  TECHNICAL  PUBLICATION,  NO.  <125 
P228  1967. 

Supplementary  note;  research  supported  in  part  by 
onr. 

DtSCRlPTORS;  ( ‘STRESS  CORROSION, 

FRACTUREIMECHANUS)  )  ,  BRASS,  STAINLESS  STEEL, 

MAGNESIUM  ALLOYS,  ALUMINUM  ALLOYS,  CRACKS, 

CORROSION,  CHLORIDES,  F A  I  LURE l MECHAN  I  CS  )  , 

COMPLEX  COMPOUNDS,  AMMONIUM  COMPOUNDS,  SILVER 
COMPOUNDS,  EMBRITTLEMENT,  SOLUTIONS,  PHYSICAL 
CHEMISTRY  (U) 

CONSIDERATE  HAS  BEEN  GIVEN  TO  THE  IDENTIFICATION 
OF  THE  CRITICAL  SPECIES  IN  SEVERAL  STRESS  CORROSION 
SYSTEMS.  IT  IS  SHOWN  THAT  IN  THE  ALPHA-BRaSS/ 

AQUEOUS  AMMUNIA  SYSTEM,  CUPRIC  COMPLEX  IONS  OF  THE 
TYPE  CU I NH3 ) N ( 2+ )  PLAY  A  CONTROLLING  ROLE 
IN  The  CRACKING  PROCESS,  COMPLEX  IONS  are  ALSO 
FOUND  TU  CONSTITUTE  THE  CRIT-UAL  SPECIES  IN  THE 
EMBKJ TTlEmENT  OF  SILVtR  CHLORIDE  IN  CERTAIN  AQUEOUS 
ENVIRONMENTS.  In  THE  CASE  OF  MATERIALS  SUCH  AS 
STAINLESS  STEELS  AND  MAGNESIUM  AND  ALUMINUM  ALLUYS, 
WHICH  UNDERGO  STRESS  CORROSION  CRACKING  IN  CHLORIDE 
ENVIRONMENTS,  THE  CRITICAL  SPECIES  MAY  BE  THE 
CHLORIDL  ION  ITSELF  OR  METAL-CHLOR I UE  COMPLEXES. 
ATTENTION  la  GIVEN  TO  BOTH  THE  ROLE  OF  THE  CRITICAL 
SPECIES  IN  THE  MECHANISMS  OF  FAILURE  AND  TH£ 

PRACTICAL  SIGNIFICANCE  OF  THESE  FINDINGS  TO  STRESS 
CORROSION  TtSTInG.  IT  IS  SUGGESTED  THAT  MORE 
ATTENTION  TU  THt  CHEMISTRY  OF  ENVIRONMENTS  WHICH 
CAUSE  STRESS  CORROSION  CRACKING,  WITH  PARTICULAR 

regard  ro  the  identification  of  the  critical  species, 

COULD  Bb  OF  SIGNIFICANT  PRACTICAL  VALUE, 

lAUiHORI  <U) 
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Ad-666  29  3  II  A3  11/9 

OLIN  MATHlEbON  CHEMlXA*-  CORP  NE,V  HAVEN  CONN  CHEMICALS 
GROUP 

DEVELOPMENT  of  FLEXIBLE  EPOXY  RESINS  AND  COATINGS. 

<U) 


descriptive  note:  final  rept,  i  mar  67-29  mar  6«» 

FEB  '68  3  7P  URS.S.  VENK  ATAKAMARA  J  J 

PUGuiA.SALVATORt  A.  i 
contract  t  nouoi9-67-c-o295 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  ('EPOXY  PLASTICS.  ♦PLASTIC  COATINGS), 

ME'CHANLCAL  'PROPERTIES,  EMBRITTLEMENT, 

AGING(MATERIALS)  ,  ISOCYANATE  PLASTICS-, 

AIRCRAFT  FINISHES,  WEAR  RESISTANCE 

Identifiers:  polyoxyalkylene  diamine, 

pOLYOX^BUTiYLc.NE  DIAMINE,  POL YOXYPROP YLtN£ 

0  I  AM  I Nt 

CuATlNGS  WITH  EXCELLENT  LOW  TEMPERATURE  FLEXIBILITY 
WERE  MADE  BY  BLtNOlNG  2U  PARTS  POlYEThER  OIEPOXIqE 
OER  732  AND-  80  PARTS  A*9MaTIC  EPOXY  RESIN  EP0N 
1  UO  1  AND  CURING  WITH  P'0  L  Y  E  f  H  E  R  Q  I  AM  l  Nt  POPDa  ROD, 

ALSO  COATjNUS  WITH  UOOO  FLEXIBILITY  AT  -MsF,  HluH 
ADHESION  AND  ABRASION  RESISTANCE  WERE  PREPARED  FROM 
MOIsTURt-S'ET  POlYtETRaMEThYLENE  GLYCQL/TdI 
POLYURETHANES.  H0.< EVER,  THESE  COATINGS  NEEDED  LONG 
CURING  TIMES,  EPOo<  828  CURED  WITH  POLYETHER 
DIAMINE  POPDA  MuU  AND  POLYETHER  TRIAMINE  PP£ 

6 4 OT A  GhVE  COATINGS  WITH  GOOD  GLOSS  AND  HIGH 
AERASION  RESISTANCE.  dUT,  THE  COATINGS  HAD  ONLY 
MARGINAL  LOW  TEriPERATuRE  PROPERTIES.  ANTICIPATED 
HIGH  TEMPeRATURc  RESIsTaNT  COATINGS  WERE  NOT  REALIZED 
FROM  OX  YD  1 PHENOl  EPOXY  RESINS,  ALSO,  THE  RESINS 
HAD  PUOR  SOLUBILITY  PROPERTIES.  A  URE  TH'ANE-EPOX  Y 
HYSKIU  LOATlNG  nAS  SYNTHESIZED  WHICH  SHOULD  HAVL  LOW 
TEMPERATURE  FLEXIBILITY  OF  URETHANE  POLYMERS  AND  THE 
FAST  CUkInG  R ATe,  OF  EPO*Y  RESINS.  (AUTHOR)  IU) 


(U) 

(  UJ’ 
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naval  Research  lab  Washington  d  c 

1  HR AD  I  A  T 1  ON'  EFFtC  TS  ON  REACTOR  STRUCTURAL 

MATERIALS,  (U) 

DESCRIPTIVE  NOTE;  JUARTEKLY  PROGRESS  RtPT,  i  NoV  67-31 
JAN  68. 

F£d  6,8  5 1 P  HAWTHORNE  tJ,  RUSSELL  • 

POTAPOVS;,  ULUIS  {  SERPAN  .  CHARLES  Z*  ,  JR  • 

REPT.  NO*  N  R  L  -  M  R  -  1 .8  5  3 

PROJJ  RR~Qi/7“OJ-R6-5‘t09»  SF“02u-Ql-05-ja58 

unclassified  report 

supplementary  note:  see  also  ad-663  aas, 

descriptors:  i*keactor  materials,  *radi>atiun 

DAMAGE).  C  *STE£L ,  KADIaTJON  DAMAGE),  PRESSURE 
VESSELS,  METAL  PLATES,  NICKEL  ALlOYS,  CHROMIUM 
ALLOYS,  MOl Y dDEN JM  AlLOYS,  NOTCH  TOUGHNESS, 

DUCTILITY,  AG-ING(MATERIALS)  ,  EMBRITTLEMENT, 

ANNEALING,  NtUTRON  REACTIONS,  SENSITIVITY  (U) 

identifiers:  a3g^-b  sue-l,  sm-ia  reactor  iu> 

the  research  program  of  the  nrl  metallurgy 
DIVISION,  RlaCTOK  materials  branch,  is 
DEVOTED  TO  ThE  DETERMINATION  OF  THE  EFFECTS  OF 

nuclear  radiation  upon  the  properties  of  structural 
materials,  the  overall  program  is  sponsored  by  the 
OFFICE  of  naval  RESEARCH)  THE  NAVAL  SHIP 
SYSTEMS  command,  the  u»  s.  atomic  energy 
commission,  and  the  army  nuclear  power 
PROGRAM,  SINCE  research  findings  which  apply  to 
THE  OdJECTlVES  OF  OnE  SPONSORING  AGENCY  ARE  ALSU  OF 
INTEREST  TO  THE  OTHERS ,  THE  OVERALL  PROGRAM  PROGRESS 

is  reported  hercIn,  this  report,  covering  research 

FOR  THE  PERIOD  I  NOVEMBER  1967  -  31  JANUARY  J96B, 
INCLUDES  THc.  FOLLOWING:  ID  AN  EVALUATION  Op 
CUPPER,  VaNAOIUM,  AND  NITROGEN  CONTENT  AS  VARIABLES 
IN  RADIATION  EMBRITTLEMENT  SENSITIVITY  OF  A302-B 
STEEL*  12)  The  THERMAL  AGING  RESPONSE  OF  A302- 
B  PLATES  FROM  a  LABORATORY  SPLIT  HEAT  MODIFlEO  WITH 

sulfur  and  phosphorus  auditions,  (3)  an 
evaluation  of  the  effect  of  aluminum  and  nitRogln 
additions  on  RAuIATIOn  embrittlement  SENSITIVITY  of 
ni-cr-mu  steel,  ir)  the  notch  ductility 
characteristics  of  experimental  cr-ni-mo 

PRECIPITATION  HARDENING  stainless  STEfcL  AFTER  < 

2 SOT  IRRADIATION,  AND  (S)  AN  ASSESSMENT  OF 
EMBRITTLEMENT  RELIEF  ACCOMPLISHED  THROUGH  IN-PLACE 
ANNEALING  THE  Sm-IA  REACTOR  PRESSURE  VESSEL,  IU) 
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DESCRIPTORS; 


( •t'noR  I  T’TLEMEN 


•flUSUKPTIUN) , 


(•CRYSTALS^MFru  MLCHAnIcal  PROPERTIES), 

<  CRYSTALS,  MECHANICAL  PROPERTIES)  SnVro 

CHLORIDES,  CHEMISORPTION  CHACt* 

c0  „fLEI  iompuunos,  dislocations,  '  c  CKSr 
uth  fi« s'St"‘c<J,‘uucToiii),  magnesium  oaides, 

■  dent, f,e«S:  rebMdEn  effects HJRDNESS 

““"JUGGESTEO  that  certain  types  of 

UNDERSTOOD,  IN  A 'geNENA^ "HaT CA*/EHAVIOli  H*T 
TYPt  CONfFw m!,  !L  AY'  Br  CONSIDERING 

REDISTRIBuTIn^*',  0N'  li°aUI,r  *ND  ADSORPTION 
TFRMS  OF  THIS  ^tHES^  7iS5So^° 


IU) 

IU) 


BE 

THE 

I  NDUCED 
SOlIO. 


IU) 
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Ao-671  09^  10/B  11/6 

NAVAL  RESEARCH  lAB  "AShlNGTON  0  C 

IRRADIATION  EFFlCTS  On  REACTOR  STRUCTURAL 

MATERIALS.  (U) 

DtSCRIPriVE  NOTE:  QUARTERLY  PROGRESS  REPT.  I  FEB-30' 

APR  60  i 

HAY  RIP  STEELE  ,L.  E.  iHAWTHORNE  , 

J,  R.  !SERPAN,C.  Z.  ,  JR.  JPOTAPOVS ,UL0IS  I 

REPT.  NO.  nRL-MR- 1 d72 
PROj:  KRU07-U1-R6-SRU9 

unclassified  report 


OhSCRlPTORS.j  (‘NUCLEAR  REACTORS,  ‘STRUCTURAL 
PARTS),  (‘RADIATION  DAMAGE,  ‘PRESSURE  VESSELS), 

STEEL ,  CHEMICAL  PROPERTIES,  NEUTRONS, 

EMBRITTLEMEN r  ,  AoSORPTION,  DEPOSITS,  MtCHANlCAL 
properties*,  nickel  ALLOYS,  CHROMIUM  ALLOYS,  WELDS, 
MOlYdDENUM  ALLOYS,  notch  SENSITIVITY.,  DUCTILITY, 

IRON  ALLUYS  IU) 

Identifiers;  stell  A30/8,  steel  a5J3o, 

STEEL  A3aU  IU) 

THE  RtStAHCH  PRuGRAM  OF  THE  NHL  METALLURGY 
DIVISION,  RcaCTuR  MATERIALS  BRANCH,  IS 
OEVUTLD  TO  ThE  u£  TERM'I  NaT  I  ON  OF  THE  EFFECTS  OF 

nucueaR  Radiation  upon  the  properties  of  structural 
materials,  the  overall  program  is  sponsored  by  the 

OFFICE  OF  NAVAL  RESEARCH,  THE  U.S,  ATOMIC 
ENERGY  COMMISSION,  AND  THE  ARMY  NUCLEAR 
POWER  PROGRAM,  SINCc  RESEARCH  FINDINGS  WHICH 

apply  tu  the  objectives  of  one  sponsoring  agency  are 
also  of  intlrest  to  The  others,  the  overall  program 
PROGRESS  is  reported  herein.  thi,s  report,  covering 

RESEARCH  F OK  THt  PERIOD  I  FEBRUARY-30  APRjL  1968, 
INCLUDES  THt  FOLLOWING:  U)  CONTROLLING  THE 
RADIATION  EMBRITTLEMENT  SENSITIVITY  OF  NI-CR-MO 
WELD  DEPOSITS  BY  VARYING  THEIR  CHEMICAL  COMPOSITION, 

(2)  INFLUENCE  Of  PRIOR  TEMPER  EMBRITTLEMENT  ON 
THE  IRRADIATION  RESPONSE  OF  NJ-CR-MO  STEEL, 

(3)  RELATIVE  55uF  IRRADIATION  RESPONSE  OF  BASE 
PtATE,  WELD  METaL,  AND  WELD  HEAT  AFFECTED  ZONE  OF  A 
7-1/2-IN. -THICK  AS3J-B  CLASS  I  PRODUCTION 
WELDMENT,  ( 4 )  OrOP  WEIGhT  NDT  VERSUS  CHaRPY- 

V  ENERGY  ABSORPTION  LEVEL  IN  6-3/B-IN.  TYPE 

AS3J-B  CLASS  I  aND  II  STEEL  PLATE,  AND 

(S)  MECHANICAL  PRUPERrlLS  EVALUATION  OF  PM-2 A 

REALTOR  PREsSURt  VESSEL  STEEL.  (AUTHOR)  <U) 
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Ad-674  807  18/8  1 8 / 9  1 3/ H 

NAVAL  RESlARCH  lAU  WASHINGTON  0  C 

NOTCH  OUCTIlITY  PROPERTIES  OF  SH-iA  Rt ACTOR  PRESSURE 
VESSEL  FOLLOWING  THE  IN. PLACE  ANNEALING- 

OPERATION.  (U) 

DESCRIPTIVE  note:  FINAL  kept.,.' 

mat  66  3 1 P  POT APOVS  j  ULD I S  5 HAhTrOrNE  ,  J . 

RUSSELL  5  SEKPAN , CHARLES  Z.  ,  jR  J 
RtPT.  NO.  NR  1,-6724 
PkOJ:  uSa-ERu-3-67 ,  USA-ERG-1 9-66 

Task:  mo i - i h 

UNCLASSIFIED  REPORT 


DESCRIPTOkSj  (♦PKESSURt  VESSELS,  ♦.RADIATION 

damage)*  impact  tests,  ductile  bri.ttle  transition, 
nuclear  INDUSTRIAL  applications*  non-destructive 
TESTING.  Annealing,  maps,  embrittlement,  steel, 

NOTCH  TOUGhNtSS 

identifiers;  graphs ( charts i  ,  sm-ia  reactor 
vessel. 

the  embrittlement  condition  of  the  army  sm-ia 
REACTOR  PRESSURE  VESSEL,  AS  MODIFIED  dY  ThE  RECENTLY 
COMPlETlU  IN-PLACE  ANNEAL,  WAS  ASSESSED  AND  AN 
ANALYSIS  v,AS  MauE  OF  THE  REEMBRITTLEMENT  BEHAVIOR  OF 
THE  VESSEL  STEEl  ».  I T  H  SUBSEQUENT  RADIATION  SERVICE. 
experimlNtau  Results  fRum  the  reactor  surveillance 
PROGRAM  DtVELOPtD  THROUGH  ONE  COMPLETl  IRRADIATION 

and  A N N c. a l i n g  cycle  are  presenteo,  together  with  a 

SUMMARY  OF  tXPEK IMENTaL  INFORMATION  ON  THE  ANNEALING 
RESPONSl  OF  THE  VESSEL  STEEL  5A3SU-LFI,  MOD.) 

FROM  ACCElERATEu  IRRADIATION  PROGRAMS.  THESE  DATA 
INDICATl  A  0  DEy  F  M A X 1 M 0 M  PRESSURE  VESSEL  WALL 
CHARPY-V  SO  FT-lB  TRANSITION  TEMPERATURE  AFTER 
THE  IN-PLACt  ANnEaL  VERSUS  A  -8Q  DEC  F  PRESERVICE 
TRANSITION  TEMPcRATURt  {BASED  ON  THE  NOTCH- 
OUCTILITY  PROPERTIES  OF  A  DUPLICATE  RING  FORGING). 

TriE  MAXIMUM  CHAKPY-rV  30  FT-LB  TRANSITION 
TEMPERATURE  OF  THE  PRESSURE  VESSEL  BEFORE  THE 
ANNtALlNG  OPERATION  WaS  ESTIMATLO  AT  1 9 0  DEG  F. 

A  PROJECTION  OF  POSTANNEAL  PRESSURE  VtSSEL  LIFETIME 
IN  TERMS  OF  NEUTRON  FlUeNCE  >0.5  MEV  WAS  DERIVED 
FROM  SPECTRA  CAuCULATlONS  ANO  THE  EXPERIMENTALLY 

predicted  re i rrad i at i on  response  of  the  pressure 

vessel  STEEL,  The  MAXIMUM  PERMISSIBLE  VESSEL  WALL 
FlUENCE  Is  LSTIHATEU  at  b.bxlo  TO  THE  19TH  POWER  tl/ SQ 
CM  >  U.S  MEV.  TrtlS  IS  COMPARABLE  TO  UR. 7 
MEGAWATT  YEARS  uF  REALTOR  OPERATION.  <U) 
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pRESSURE  RESEARCH,  .YATER.  IMPURITIES.  TEST 
FACILITIES,  TEST  METHODS,  PHOTOMICROGRAPHY,  PH, 

NUCLEATE  BOILING,  COHRuSION  INHIBITION,  CHEMICAL 

analysis,  deposits,  conductivity, 

FAILUREIMECHANICS) ,  EMbRITTLEMENT,  OXIDATION, 

HEAT  TRANSFER  (U) 

Identifiers;  *high-pressure  boilers, 

GRAPHS(CHARTS)  ,  FLOW  REGIMES,  *DUCTILE 

uOUGINu  (U) 

THE  GOAL  OF  THIS  STUDY  A  A  S  TO  DETERMINE  THE  CAUSE 
AND  PRACTICAL  PREVENTIVE  SOLUTION  FOR  THE  TYPE  OF 

internal  corrosion  commonly  experienced  In  botlers 

OPERATING  AT  PRESSURES  BETWEEN  800  AND  2600  PSIG,  « U ) 
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UNCLASSIF1EO  REPORT 


DESCRIPTORS;  (•NUCLEAR  REACTORS,  pressure 
VESSELS),  {•PRESSURE  VESSELS,  MECHANICAL 
PROPERTIES),  NOTCH  SENSITIVITY,  REACTOR  OPERATION, 

TENSILE  PROPERTItS,  NEUTRONS,  QOSiI  ME  TErS,,  LIGHT 
WAFER  REACTORS,  RADIATION  -DAMAGE,  EMBRITTLEMENT, 
THICKNESS,  BRITTuENESS,  NON-OESTRUCT I VE  TESTING, 
TRANSITION  TEMPERATURE-,  STEELv, 

DEFECTS ( MATER  I ALb )  ,  FRaC I URE ( MECHAN l CS  )  , 

pRESSUR  UAT  Tun  (U) 

Identifiers-;  -fracture  toughness  iu> 

FOLLOWING  The  PRtSSUR 1 ZaT 1 pN-JO-FA I  LURE  TESTING  OF 
T’HE  PM-ZA  RtACTuR  PRESSURE  VESSEL,  SEVERAL 
SECTiuNS  oF  STEtL  WERE  REMOVED  FROM  THE  VESSEL  «AlL 
-IN  A  REGION  ADJACENT  TO  THE  ARTIFICIAL  DEFECT, 

CflARPY  v-wOTcH  aNU  TENSLON  TEST  SPECIMENS 

machined  from  one  of  these  sections  Have  bEen. 

EVALUATED.,  the  JRkADI  aTeD-CONDITIUN  3U  FT-La 
TRANSITION  TEMPcRATJReS  FOR  THE  1 / R-TH I CKNESS 
(.NEAREST  TO  the  CURE)  AND  3/RtThI  CKNEbS  LOCATIONS 
IN  THE  VESSEL  wall  i«ErE  +1ISF  AND  +S5F, 

RESPECTIVELY,,  For  MEASURED  F;ISSION-SPeCTRUM  FLUENCES 

OF  7,3  AND  R.o  A  10  TO  THE  1 8 TH  POWER  N/Sw  CM 

(GREATER  TJH a N  1  MEV).  ThE  1/H-TrtlCKNEsS 

PROPERTIES  AND  FlUEnCE  MOST  NEARLY  REPRESENTED  THOSE 

AT  ThE  IIP  OF  TnE  A  h  T I F  KC I  A  L  OEFECT »  T  HE  0*22 

YIELD  STRENGTH  for  THE  1/R-THICKNESS  LOCATION  Was  97, 

620  PS  I  AT  -20 F  (FAILURE  TEMPERATURE)  AND  92, 

200  PS!  AT  +7ZF  (TEMPERATURE  AT  TIME  UF  AClO- 
SHARPtNll^  TREATMENT  uF  ARTIFICIAL  DEFECT). 

SIGNIFICANT  UNIFURM  ELONGATION,  REDUCTION  Of  AREA, 

ANO  ELONGATION  PER  1  IN,  WERE  RETAINED  BY  ThE  STEEL* 

AN  ASSESSMENT  THE  sTrESS,  TEMPERATURE,  AND  FLaW- 
S1ZE  CONDITIONS  FOR  TriE  PM-ZA  FAILURE,  AS  InDEXEo 
BY  I  HE  IRrADIATuD-CUNuITION  MECHANICAL  PROPERTIES, 
INDICATES  That  The  FAILURE  IS  IN  AGREEMENT  »ITH  THE 
generalized  fhalTure  analysis  oiagram,  {author)  iu) 
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DESCRIPTORS:  (•STRAIN  HARDENING,  MOLYBDENUM), 

( *MOL YdDtNUM ,  'STRAIN  HARDENING)  ,  OXYGEN, 

EMBRITTLtMENT  ,  AGE  HARDENING,  DISLOCATIONS, 
CRYSTALLOGRAPHY,  CRYSTAL  LATTICE  DEFECTS,  CHINA  <U) 

identifiers;  translations  tut 

THE  REPORT  DISCUSSES  INVESTIGATIONS  WHICH  HAVE  BEEN 
CARRIED  OUT  TO  STUDY  THt  PROCESS  OF  STRAIN  AGEING 
CAUSED  BY  OXYGEN  IN  MOLYBDENUM  BY  MEASURING  THE 
VARIATION  OF  THt  HEIGHT  OF  THE  INTERNAL  FRICT'ON  PEAK 
WITH  AGEING  TJMt,  IT  WAS  FOUND  THAT  THE  PEAK 
HEIGHT  DECREASES  GRADUALLY  ANo  EVENTU  '  DISAPPEARS 
WITH  AGElNG-TIMt  BOTH  IN  (JUENCH-AGED  n«l)  IN  STRAIN” 

AGED  SPEC  I  Mt-NS «  SYSTEMATIC  STUDIES  HAVE  BEEN  MADE 
ON  THE  KINETICS  OF  STRAIN  AGEINo  AND  ON  THE  EFFECT  OF 
DEFORMATION  ON  THE  PE*K  HEIGHT.  ACCORDING  To 
EXPERIMENTAL  RESULTS,,  IT  IS  BELIEVED  THAT  THE 
OECREASE  OF  THE  PEAK  HEIGHT  IS  ASSOCIATED  WITH  ThE 

segregation  OF  OXYGEN  atoms  to  dislocations  DURING 

AGEING.  On  THE  BASIS  OF  TriE  ASSUMPTION,  ThE 
DISLOCATION  DENSITY  and  the  ATMOSPHERE  CONCENTRATION 
WERE  ESTIMATED.  (AUTHOR)  (U) 
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DlSCRIPTORSJ  (‘BRASS.  ‘EMBRITTLEMENT),  <*CQLp 
aOkKING,  EMBRITTLEMENT),  LIQUID  METALS,  MERCURY 
alloys,  sodium  alluYs.,  cupper  alloys,  /Inc  alloys, 
FRACTOvaRAPHY  ,  ELECTRON  MICROSCOPY  (0) 

the  susceptibility  to  embrittlement  of  cold  rolled 

7U:jo  alpha  BRASS  IN  THE  PRESENCE  OF  A  HG-2& 

NA  AMaLuAM  HAS  BEEN  STUDIED,  IT  IS  SHOWN  THAT 

FOR  SMALL  AMOUNTS  OF  COlO  WORK,  THE  ALLOY  lb  SEVEREL* 

embrittled,  and  THAT  FAILURE  OCCURS  INTERgRaNULaRLY. 

AS  The  AMOUNT  of  cold  working  increases, 

SUSCEPTIBILITY  TO  embrittlement  decreases  and  /HE 
mooe  of  failure  becomes  transgranular.  for 
exTkehely  large  amounts  of  cold  work,  essentially  no 
EMBRITTLEMENT  16  observed,  it  is  considered  that 
THE  ELIMINATION  OF  vjRaIN  BOUNDARIES,  RESULTING  FROM 
INCREASING  COLD  ,VORK,  IS  THE  DOMINANT  FACTOR 
RESPONSIBLE  FOR  ThE  OBSERVED  CHANGES  IN 

SUSCEPTIBILITY  aND  FRACTURE  MODE.  (AUTHOR)  <4M' 
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PROPAGATION,  STRainiMECHaNICSK,  structural 
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LOADING(MECHANICS) ,  ELASTICITY,  STRESSES, 

MATHEMATICAL  ANALYSIS,  DUCTILE  BRITTLE  TRANSITION, 
SYMPOSIA  (U) 

AN  EFFORT  IS  M);u£  TO  cOVER  THE  FULL  EL  AST  1C -PL  AST  I C 
RANuE  FROM  FRACTURES  WHICH  I N 1 T I  A i £  AND  PROPAGATE  AT 
NOMINAL  OR  NET  STRESS  IN  THE  ELASTIC  RANGE  TO  THE 
FRACTURtS  AT  FUlLY  PLaSTIC  OR  LIMIT  LOAD  CONDITIONS. 
SIMILARITIES  ANu  differences  OF  behavior  between 
STEELS  hHJCH  ARt  HIGHLY  R A TE -SENS  1 T I Vt  AND  ALUMINUM 
ALLOYS  OR  OTHER  RATHER  INSENSITIVE  MATERIALS  ARE 
EXAMINED.  A  DEMONSTRATION  IS  GLVEN  OF  THE 
L  1  K E L  1  H 0 0 u  OF  CONFUSING  LIMIT  LOAD  FRACTURES  WITH  LOW 
STRESS  FRACTURES.  (AUTHOR)  IU) 
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a  detailed  INVESTIGATION  was  made  of  the  INFLUENCE 
of  D ,  30  is  LEAD  O.M  the  ROOM  AND  ElEVaTED  TEMPeRaTURf 
MECHANICAL  PROPERTIES  Of  A  M 1 M5  STEEL,  LEADED  AND 
NON-LEAUEd  VERSIONS  OF  THIS  IDENTICAL  STEEL  WERE 
quenched  anu  Tempered  To  room  temperature  strength 
LEVELS  HANGING  from  120  To  2MU  KSI,  ThE  PROPERTIES 
MEAsUREu  INCLUDED  BUTh  COMPLETE  TENSILE  QaTA  AND 
impact  energies  FUR  AlL  STRENGTH  LEVELS, 
MACROFRACTOuRAPnS  DETAILING  DIFFERENCES  IN  FRACTURE 

morphology  at  specific  test  temperatures  were  also 

included.  (AUTHUR)  Ui0 


48 


unclassified 


1ZBML1 


unclassified 


DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  No.  1Z8ML1 

Ad-676  3 ! a  18/10 

N A V;A U  -Rt-SEAKCH  lAB  WASHINGTON  0  C 

irradiation  effccts  on  reactor  structural 

materials.  <U) 

OtSCRlPTlVE  NUTE:  mUA’R-TEHLY  PROGRESS  kept.,  1  may-31 
JUL  6? 

AUG'  68  37P  STEELE  ,,L .  E,  1  HAWTHORNE  »  J . 

R.  ;S£RPAW*C.  Z.  ,  JR. {POTAPOVS  ,ULDIS  { 
ghay.k.  A,  »  JR i 
Rfc,PT.  NO.  nRL-MR- 1 908 
Pkoj;  rruo7-g;i-S6-sru9 

UNCLASSIFIED  REPORT 


descriptors:  >i*Rcactur  materials,  radiation 

UAMAoElt  PRESSURfc  VESSELS,  THERMAL  STABILITY, 

managing  steels i  notch  sensitivity,  embrittlement,, 

STEE'l,  RESPONSE,  OVCTl'tm,  heat  TREATMENT, 
nuclear  RADIATION,  sensitivity  { u I 

Identifiers;  steel  a-sh3,  steel  a-s37,  steel 
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THE  RESEARCH  PROGRAM  OF  THE  NRL  METALLURGY 
DIVISION,  REaCTuR  MATERIALS  BRANCH,  18 
DEVOTED  TO  THE  DETERMINATION  OF  THE  EJECTS  OF 

nuclear  RADIATION  UPON  THE  properties  of  structural 
MATlRIALS.  The  UVeRALL  program  is.  sponsored  by  the 
OFFICE  UF  naval  RESEARCH,  THE  U.  S. 
atomic  energy  commission,  and  the  army 
nuceeaR  power  pkogRam.  since  research 
finuings  which  apply  fo  the  objectives  of  one 
sponsoring  agenly  are  also  of  interest  to  The  others* 

THE  OVERALL  PROGRAM  PROGRESS  JS  REPORTED  HEREIN. 

THIS  REPORT,  COVERING  RESEARCH  FOR  THE  PERIOD  1 
MAY-31  JULY  IV6U,  INCLUDES  THE  FOLLOWING: 

(1)  IRRADIATION  RESPONSE  OF  A  R-IN.  AS33-C* 

CLASS  2,  SUBMER  ZD  ARC  WELDMENT ,  (21  RELATIVE 
5BQF  IRRADIATION  RESPONSE  OF  A  HEAVY  SECTION 
AS3J-B  ELECTROSlAG  WELDMENT,  13)  SPECIAL 
A53J-B  STEEL  HEAT  FOR  VARIABLE  RADIATION 
EMBRITTLEMENT  STUDIES,  ( R )  THERMAL  STABILITY 
EVAlUATIUn  Up  N  j -CR-MU  WELD  DEPOSITS,  ( S ) 

THERMAL  STABILITY  EVALUATIONS  OF  1 2N I -5CR-3M0 
MARACING  3TEEL  Plate  aT  S50,  65U,  AND  7R0F*  1 6 ) 
LUNG-TERM  IRRADIATION  Of  PRESSURE  VESSEL  STEELS  lu 
THE  B 1 6  ROCK  POINT  REACTOR,  (7)  PLATE 
OIRlCTIUNaLITY  CHARACTERISTICS  of  IRRADIATED 
LACROSSE  rEACTOk  PRESSURE  VESSEL  STEEL,  AND 
(6>  PRELIMINARY  study  of  THE  IRRADIATION  RESPONSE ..  <U) 
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embrittlc-ment,  nuclear  Radiation, v  impurities, 
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identifiers:  stecl  a-3u2-b,  steel  a-shj  iuj 

the  effect  of  Variable  resioual  element  contents  on 

5S0F  RADIATION  tMOR 1 TTLEMENT  SENSITIVITY  OF 
PRESSURE  VESSEL  STEELS  WAS  EXAMINED.  RESULT s 

indicate  that  Phosphorus  .and  copper  Can  contribute 
SIGNIFICANTLY  to  the  b5uf  radiation  EMBRITTLEMENT 
SENSITIVITY  OF  TYPE  AjOZ-B  STEEL.  THE 
RESULTS  ALSU  SHu.V  THAT  VANADIUM  MAY  HAVE  A  SLIGHT 
ADVtRSE  EFFECT  aNU  IHaT  SULFUR  IS  NEUIRAL,  ALTHOUGH 
IT  sERVeS*  TO  DECREASE  ThE  FULL  SHEAR  eNER^Y 
ABSORPTION  LgVE^  OF  ThE  STEEL.  NI'TROGEN  VARIATIONS 
FRO.l  APPROXIMATELY  LQuAL  TO  0,0084  TO  O.Ol&a  IN 
ALUM-JNUM  DEOXIDIZED  STEEL  HAVE  NO  SIGNIFICANT  EFFECT  » 

IrV H  I'L E  The  ADDITION  OF  ALUMINUM  TO  NI-CR-MO 
STEcL  «1Th  A  GIVEN  NITROGEN  CONTENT  MAY  SLIGHTLY 
PROMOTE  IRRADIATION  EMBRITTLEMENT.  THE  PROGRAM 

results  demonstrate  that  apparent  insensitivity  to 

SbOF  IRRADIATION  EMOR I TTLEMENT  CAN  BE  CONSISTENTLY 
ACHIEVED  ,,  I  T H  L.ABURATuRY  HEATS  OF  A  NOMINAL  A302- 

b  steel  composition  by  maintaining  thl  total 

RESIDUAL  ELLmENT  CONTENTS  AT  A  LOrt  LEVEL. 

RaDIaHUN  EMBRITTLEMENT  SENSITIVITY  OF  WELDMENTS 
WAS  INVESTIGATED  IN  A  PROGRAM  AIMED  Al  THE 
DEVELOPMENT  OF  uO*»  SENSITIVITY  WELD  FILLERS  FOR 
JOINING  Nl-CR-MO  STEEL*  DATA  FROM  THIS  NErt 
PROGRAM  A^AlN  PuJNT  TO  COPPER  AS  A  DOMINATING  FACTOR 
IN  DETERMINING  RADIATION  EMBRlTTLEMtNT  SENSITIVITY, 

further  verifying  the  RlSults  obtained  in  The  nrl- 

UsS  A30/-B  STEEu  INVESTIGATION. 
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descriptors:  (-copper  alloys,  phase  studies), 

SOLID  SOLUTIONS,  DEFuRMATIuN,  MICROSTRUCTUKE, 

GERMANIUM  ALLOYS,  SILICON  ALLOYS,  EMBRITTLEMENT, 
l  I W 0 l D  McTaLS,  MlRCURY,  ZlNC,  ALUMINUM, 

.GALLIUM,  CRACK  PROPAGATION,  CORRuSION  (U) 

identifiers;  Phase  TRANSFORMAT  IONS  ( u  ) 

A  DEFORMATION  HUT  STAGE  MtT ALLOGRAPH  I C  FACILITY  WaS 
DESIGNED;,  CONSTRUCTED  AND  OPERATED  SUCCESSFULLY 
during  the  investigation  of  several  specific  problem 
areas.  THl  topics  that  »»ere  studied  INCLUDE 
vacancy  condensation  pit  formation  on  ALUMINUM 
surfaces,  crack  propagation  in  aluminum  polycryst/als 
and  The  strain  induced  TRANSFORMATION  OF  metastable 
alloy  phases,  some  selected  experiments  were 

CONDUCTED  TO  STUDY  THE  EFFECTS  UF  TEMPEKATURE  and 
PRESSURE  ON  THE  EMBRITTLEMENT  OF  ALUMINUM  AnD  ZINC  oY 
LIQUID  METALS.  (AUTHOR)  (U) 
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1  *REaCTOK  MATERIALS'. -  STEEL)  ,  DuCT-IlITY, 

EMbRI  TTLEMtNT  *  WtLUS,  METAc  PLaTES,  NEUTRONS, 

SENSITIVITY  (U) 

Identifiers:  steel  a  533-B,  stee.l  a  s33- 
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EXPLORATORY  ASSESSMENTS  AeRe  MA-uE  of  the  charpy- 
v  notch  ductility  characTeristils  of  heavy  section 
Ab33-d  ANu  A  b  3  3 -C  STEEL  PcATE  AND  SUBMERGED 
AixC  WELDMENTS  following  NEUIRoN  IRRADIATION  at 
5buF.  THE  EXPERIMENTAL  t VaLOA  T I ONb  WERE 
Pc-RFOrMED  LARGELY  WITH  COmMeRCUL  PRODUCTION 
MaTlRials  and  included  comparisons  of  materials  IN 

BO Tm  CLASS  1  aNo  CLASS  2  S T K E N C 1  h  RAN(^,s. 

PuSTURaDI  AT  ION  NOTCH  OUCTILITY  PROPERTIES  OF  ONE 
5  -  3  /  4  -  IN  .  AbJ3-B  CLASS  1  ELECIKuSLAG  ViELDMENT 
WERE  ALSO  DEVELOPtO.  ASSESSMENTS  MADE  OF  R E L,fA ‘H  V E 
IrRaDIATIuN  PERFORMANCE  WtRE  assisted  BY  A 
Compilation  of  recent  information  on  the  Response  of 
The  AsTM  REFERENCE  A'302-B  steel  plate,  major 
RESEARCH  FINDINGS  JNCEUoE  THE  OdSERvATJUN  OF 
SIGNIFICANT  VARIABILITY  In  radiation  embrittlement 
SENSITIVITY  of  A5J3-B  AND  AS33“E  STlEl 

wherein  the  sensitivity  levee  of  plate  ano  weld  metal 

IN  SOME  CASES  ExCtEuEO  THAT  OF  THE  ASTM  REFERENCE 

plate,  high  Radiation  enbri ttlement  sensitivity 
Was  NOTED  FOR  BOTH  SUbMeRgEu  arc  RElO  DEPOSITS 
EXAMINED!  HOWEVER,  THE  DATA  SUGGEST  THAT  THE 
PcHFORMAN^E  OF  THt  «ELD-HEAT-aEFECTED  ZONE  PARALLELS 

that  of  the  parent  plate,  high  embrittlement 

SENSITIVITY  ft  AS  AESu  NOTEo  FOR  THE  ELECTROSLAG  WELD 
DEPOSIT,  IN  CONTKASI  TO  MaRIsEoLY  LOrt  sensitivity  Op 
The  AELuMeNT  parent  plate. 
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the  embrittling  effect  of  small  ELASTIC  STRESS  waves 
on  LRaCK  rOUOhNtSS  OF  A  STRUCTURAL  STEEL,  (U) 

67  29  P  SHOEmAKERiA,  KENT 

CUNTRACT1  DA-3i-12R-AR0(0)*266 
MONITOR:  AROO  3216{‘}-MC 

UNCLASSIFIED  REPORT 

AVAILABILITY:  PU8.  in  jnl.  OF  MATERIALS.  V 2  N3 
P597-62H  SEP  67. 

SUPPLEMENTARY  NoTt!  PRESENTED  At  THE  ANNUAL  MEETING  OF 
the  American  Society  for  testing  and  materials 

( 7UTH ) .  BOSTON,  MASS.,  2S-30  JUN  67. 

OtSCRlPTORS:  (»STEELi  MECHANICAL  PROPERTIES), 

IMPACT  TESTS,  STnESSlS,  STRESS.-  CORROSION-,  LO.V- 
TEMPtRATURE  RESEARCH,  FR AC TOGR APh Y  ,  tMfciR  I  TTLEMENT  , 

NOICrt  SENSITIVITY,  FATIGUE(MECHANICS)  (U) 

The  REDUCTION  IN  STATIC  LOW- TEMPER  A T URE  C«ACK 
TuU^HhESS,  AS  MEASURED  BY  FRACTURE  MECHANICS  WAS 
STUulEO  IN  AN  A201B  STRUCTURAL  GRADE  STEEL  FOR 
THE  EMBRITTLEMENT  CAUSEO  bY  SmALL-AMPL I TUDE  ELASTIC 
STRESS  WAVES  SUPERIMPOSED'  ON  THE  STATIC  STRESS  STATE 
Of  an  EuGE-NOtCHEu  SPECIMEN,  the  stress  waves  were 
GENlRaTEO  BY  FIVE  DIFFERENT  METHODS  OF  IMPACTING  jHt 
EDGE  OF  THE  SPECIMEN  ON  The  SIDE  OPPOSITE  THE  C«ACK 
TIP  WHEN  A  STATIC  LUAD  EXISTED  UN  THE  SPECIMEN. 

the  data  showed  an  average  reduction  of  26  per  cent 

In  THE  STATIC  STRtSSES  OVER  A  TEMPERATURE  RANGE  OF  - 
220  TO  -190F  FOR  IMPACTING  THE  SPECIMEN  WITH  A 
STEEL  BALL,  A  STEEL  BAR,  UR  A  BALL  PEEN  HAMMER. 

(AUTHOR)  (U) 
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availability:  Pub.  in  acta  nETALLURmICA,  v  1 6 

PI  J J b - i 3  9  2  1968. 

SUPPLEMENTARY  note:  REVISIuN  of  KEPT,  dated  2  JAN  68. 
SUPERSEDES  REPT.  DATtD  dec  67,1  AD-668  661. 

DESCRIPTORS:  («ZlNL  ALLOYS,  bR  I  TT LENtSS )  ,  COPPER 

ALLOYS,,  ,GOLD  ALLOYS,  LIQUID  i-iETALS,  MERCURY, 
h  R  A  C  T  U  R  M  t-C  M  A  NJ-XS  J -*  STRESSES-*  EmBR  I  T  TL£ME~NT  (U) 


TriE  SUSCEPTIBILITY  OF  POLYCKYSTaLLIinE  zinc  TO 
embrittlement  by  liquid  MERCURY  IS  MARKEDLY  INCREASED 
BY  ALLOYING  WlTri  AS  L I T  T  L  t  AS  0,2  A  T  •  *  OF  COPPE*  OR 
Gulu  IN  SOLID  SuluTIOn.  Tu  DETERMINE  THE  CAUSE  OF 
ThPb  PHENOMENON,  A  STijO.Y  HAS  BEEN  MADE  OF  TnE  EFFECTS 
Oh  D.US  OR  u.2  AT.Z  COPPER  uN  ThE  FlOw  AND  FRACTURE 
BEHAVIOR  OF  amalgamated  zinc  mOnocrystals  AND 
ASYMMETRIC  dICRYSTAlS,  FRACFURE  STRESS'  DATA  FROM 
THEbE  EXPERIMENTS  WERE  USED  IN  CONJUNCTION  v,  I T  H  A 
CKIIERIUN  FOR  CRACK  INITIATION  TO  DETERMINE  THE 
INFuUlNCE  OF  ALLOYING  ON  CLEAVAGE  SURFACE  ENERGY, 

Gamma,  it  was  found  Thai  alloying  increased  the 
CRITICAL  RESOLVtO  SmEaR  STRESS  (C.R.S.S.)  (TAU 
SUB  C)  UF  AMALGAMATED  BICRYSTaLs  BY  a  FACTOR  of 
Ten,  AND  THEIR  FRACTURE  STRtSSEb  BY  FACTORS  OF  /“M  , 

BUT  That  i, A M M a  was  INCREASED  only  FROM  45  PLUS  UR 
MJ.'iuS  5  ERG5/S0  CM  (PuRc.  ZINC)  TO  6u  PLUS  OR 
Mi, JUS  7  ERGS/SQ  CM.  THE  SIGNIFICANCE  OF  THIS  AND 
0 T hER  OBSERVATIONS  ARE  DISCUSSED,  AnD  IT  IS  CONCLUDED 
THAT  THE  INCREAbEw  SUSCtPT I d I L  I  T Y  Tu  EMBRITTLEMENT  BY 
L 1 QU I u  MERCURY  OF  P UL Y CR Y S T ALL  I  NE  ZjNc  ON  ALLOYING  IS 
not  Related  to  solut e- i nOuced  changes  in  macroscopic 
flu.,  stress,  stacking  fault  energy,  Slip  mode,  ur 

STATE  OF  u  0  N  0 1 N  u  ,  BuT  IN  TAU  SUo  C,  INCREASING  TAU 
SUB  C  INHIBITS  THl  RELAXATION  by  PLASTIC  FLOW  of 
STRcSS  CONCENTRATIONS  AT  GRAIN  BOUNDARIES*  AND,  IN 

the  presence,  up  mercury,  facilitates  crack 

INITIATION.  (AUImuRj  (U) 
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MERCuRY, 
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AVAILABILITY:  Pub.  IN  TRANSACTIONS  of  THE  japan 
Inst*  of  METALS,  V9-SUPPL.  P979-98Q  i960. 
SUPPLEMENTARY  NOTE:  PRESENTED  AT  PROCEEDINGS  OF  THE 
INTERNATIONAL  conference  On  the  strength  of  METALS 
and  alloys. 

DESCRIPTORS;  (.ZINC  ALLOYS,  •EMBRITTLEMENT), 

MERCURY,  LIUUId  METALS,  COPPER  ALLOYS, 
FRaCTURE(MECHANIlS) ,  TENSILE  PROPERTIES 

WHEN  POLYCRYSTAlLINE  ZINC  IS  ALuOYEU  WITH  O.l-O.H 

A/o  copper,  silver,  or  gold,  its  susceptibility  to 
embrittlement  by  liquid  mercury  at  room  temperature 
I's  markedly  increased,  in  order  to  clarify  some  of 
The  factors  involved,  a  study  has  been  nade\of  the 
tensile  f  l  o  ,>  and  fracture  behavior  of  amalgamated 
MONOCRYSTALS  and  asymmetric  bicrystals  of  zinc 

CONTAINING  u.,05  A/O  AND  0.2  A/0  COPPER  JN  SOLID 
SOLUTION.  (AUTHOR) 
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the.  tensile  properties  of  a  polyurethane 

PROPEuLAN I ,  up  2 ,  (U) 
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unclassified  report 


DESCRIPTORS)  < -solid  rocket  propellants,  tensile 

PROPERTIES),  ('ISOCYANATE  PLASTICS,  TENSILE 
PROPERTIES),  EMBRITTLEMENT,  STRAIN ( MECHANICS  )  , 

SENDING,  RUPTURE.,  STRESSES,  uREA'T  BRITAIN  (U) 

A  SAMPLE  OF  A  POLYURETHANE  PROPELLANT.,  DESIGNATED 
UP  2,  HAS  BEEN  «. HARACTER I  SEu  IN  UNI  AX=I  AL  TENSI  ON 
USING  T  IME-TEMPtRA.TuRE  SUPERPOSITION  PRINCIPLES,  OVER 

wider  Ranges  of  strain-rate  and  temperature  than  have 

BEEN  USED  PREVIOUSLY,  NEAR  THE  EMBRITTLEMENT 
TEMPERATURE  The  true  STRAIN  {PHOTOGRAPHICALLY 
DETERMINED)  RAPIDLY  BECOMES  MUCH  LESS  THAN  THE 
nominal  strain,  consideration  of  nominal  strains 
can  thus  dE  misleading,  under  The  conditions  of 
Rocket  ignition  at  low  temperatures  the  true  strain 
lb  KAPIOLY  OEcREASInG,  aNu  the  true  MODULUS 
Increasing,  «ith  decreasing  temperature. 

(AUTHOR)  (U) 
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DESCRIPTORS:  <  «ENBR  I  TTLEiIEnT  ,  *010010  CTET'ACS)  , 

DUCTILE  BRITTLE  TRANSITION,  LIQUID  MlTalS,  GRAIN 

boundaries,  diffusion,  crack  propagation,  Reviews  < u ) 

LIWUJD  METAL  EMdHITTLEMENT  SOMETIMES  OCCURS  BY 
DIFFUSION-CONTRULLED  PROCESSES  SUCH  AS  GRAIN  BOUNDARY 
PENETRATIUN.  THIS  TYPE  OF  BlHaVIOR,  WHICH  ALWAYS 
LEADS  TO  INTERGRANULAR  FAILURE,  HAS  BEEN  TREATED 

theoretically  by  grain  boundary  .vetting  concepts  ano 
BY  A  STRESS-ENHANCED  DISSOLUTION  MODEL,  DIFFUSION 
A L Dim G  BOUNDARIES  MAY  ALSO  PLAY  A  ROLE  IN  DELAYED 
FAILURE  (STATIC  FATIGUE)  PHENOMENA,  AS  THERE  IS 

evidence  of  surface  notching  during  exposure  of 

SUSCEPTIBLE  SCUDS  TO  LIQUID  metals.  REFRACTORY 
METALS  ARE  SUBJECT  to  a  CORR-OS I  UN-TYPE  ATTACK  BY 
BuILJNG  MERCURY  AT  IEMPERaTU.TES  GREATER  THAN  60UC  { 

T  h  I  a  RE°RESENTS  the  THIRD  MaJoR  CLASS  of  LUUID  METal 
embrittlement  phenomena,  the  interrelationship 

among  and  THE  DISTINGUISHING  FEATURtS  >0F  THE  VARIOUS 
FORMS  OF  EMBRITTLEMENT  WILL  BE  DISCUSSED, 

(AUTHOR)  (U) 
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TE.mSTLE  PRoPERTItS,  ELASTICITY,  PLASTICITY, 

DEFORMATION,  test  equipment,  strain  gages, 

ISOCYANATE  PLASTICS,  TEMPERATURE.,  GREAT  BRITAIN, 

SOtlu  ROCKET  PROPELLANT  BINDERS,  POLYETHYLENE, 

PLASTICS,  bUTADUNES  (U) 

IDENTIFIERS;  -bendfng  beam  TE'  ETHUD, 

POlYISOBoTYLENE  „  POLYBUTaD  (U) 

a  bending-beam  METHOO  FOR  MEASURING  EMBRITTLEMENT 
TEMPERATURES  HAB  bEEN  ReI/mTKODUCED  and  evaluated  by 
comparing  the  resolis  obtained  ,* i th  it  using  three 

DIFFERENT  KlNoS  OF  COMPOSITE  PRoPELLANT  (BASED  ON 
PUlYISObUTYlENE,  POLYURETHANE  or  CAkBOXY-TeRMINATED 
PUcYBUTaDIEnE  BINUEKS}  I7ITH  MaSTER  CURVES  OF 
STKaJn-AT-RuPTURE  as  a  FUNCTION  of  .REDUCED*  STKAJN- 
RaTE  (ITSELF  A  FUNCTION  Op  STRAIN-RaTe  ANU  OF 
TEMPERATURE)  UErIvEo  INDEPENDENTLY,  THREE 
DEGREES  OF  dEwOlNG,  IMPOSING  STRAINS  OF  5.,  10  AND  26 
PER  CENT,  WE  RE  oStD*  GOOD  AGREEMENT  BETWEEN  THE 
T»,0  GROUPS  OF  RESULTS  ttfiS  FuUnD,  AND  IT  IS  CONCLUDED 
That  THIS  UENoInG-BEAM  METHUD  lb  in  PRINCIPLE 
suitable  as  a  routine  inspection  test,  uuthOR)  < u i 
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OfcStK I PT  OKS  !  {*SIEEL»  CRaC*  PROPAGATION), 

FAI  IvjOE  (MECHANICS)  ,  TEMPERjNo,  MaRTEnSITE, 
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TnE  FaT  1  GoE-CKACK  PROPAGATION  BEHAVIOR  Op  HEAT- 
TREaTEO  Mjmj  STEEL  MAS  bEeN  STOOIEO  AS  A  FUNCTION  OF 
TtNPERlNG  TEMPErtATUKE  FROf,  aOO  10  8uU  F  AND  AT  ♦’ 
tiC  A  No  -So  F  TEbT  TEMPERATURES.  FRaCTORE 
tCHANlCS  A  m  A  L  Y  b  I  b  OF  THE  OaTa  iiAS  USED  FOR  THRUUgH- 

1N  «nten-wo.iched  sheet  specimens. 

SPECIAL  EMPriAblb  .,As  PLACED  ON  THE  PHENOMENON  OF 
TEMPERED  HAKTEN3ITE  E  M  8  R  I  f  T  (.  E  M  E  N  T  ,  h  H  ]  C  H  OCCURS  IN 

the  Sou  tu  zoo  f  kAwgl  of  tempering  temperatures, 

TO  SEt  IF  n  can  be  OETeCTEo  BY  FATjGuE  TESTING* 
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descriptors:  (*gun  barrels,  •EMBRITTLEMENT-)  , 

(•STEEL,  heat  TRfc.ATMc.NT)  ,  dR  1  TTLENESS  , 

TEMPERING,  TOUGHNESS,  FRACTURE (MECHANICS)  , 

IMPACT  TESTS,  HARDNESS  (U) 

IDENTIFIERS:  Transition  TEMPERATURE,  ti-113 

GUNS ( 1 7S-MM)  ,  1 7 b-MM  GUN  TuBES  (U) 

SECTIONS  uF  Two  17S-MM  M I  1 3  GuN  TUBES  A  ERE 
UTILIZED  TO  STUOY  THE  DEVELOPMENT  OF  BOTH  REVERSIBLE 
And  IRREVERSIBLE  TEMPER  BRITTLENESS  IN'  3  PERCENT 
NICKEL-CHROMIUM  GUN  STEEL.  RELATIVE  MATERIAL 

Toughness  indicated  by  thl  iou  percent  fibruus 

TRANSITION  TEMPERATURE  rtAS  DETERMINED  ON  NUMEROUS 
GROUPS  OF  SPECIMENS  TEMPERED  BETWEEN  9‘JU  ANu  12UO  F 

for  various  timls.  (author)  <in 
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REACTOR  MATERIALS,  PRESSURt  VESSELS, 
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identifiers:  stell  a-302-b 

the  REPORT  PRE'SENTS  THE  RESULTS  OF  A  NEW, 

COMPREHENSIVE  SET  OF  -EXPERIMENTAL  DaTa  CONFORMING  TO 
the  irradiation  conditions  wf  the  derived  damage 
function  (material,  temperature,  and  fluencei. 
the  results  of  this  experiment  are  discussed  in 

TERMS  OF  THEIR  LSI AOLISHING  THE  VALIDITY  Of  THE 

Damage  function,  averaged  values  of  the  damage 
function  are  tabulated  for  a  typical  reactor  physics 
Calculation  ENERGY  GROUP  STRUCTURE,  And  THEIR 
APPLICATION  TO  V  iVU  DIFFERENT  SPECTRA  IS  DESCRIBED. 
FINALLY,  THl  DAMAGE-FUNCTION  FLUENCES  required  to 
cause  A  2U0F  DElTA-TT  In  a3u2-6  STEEL  ARE 

presented  for  many  different  reactor  locations, 

FOR  EACH  uF  THE  SPECTRA  INVOLVED,  ThE  UPPER  AND 
LuotR  ENERGY  LIMITS  OF  SIqNjFjCaNTlY  DAMAGING 
NEUTRONS  mRE  GIVEN,  AND  SOME  DETAIL  IS  ALSO  PROVIDED 
HtGAftUlNG  THE  CONTRIBUTION  UF  SUBGROUPS  tVlThlN  THE 
overall  energy  spectrum,  (author)  tui 
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martin  marietta  corp  balTjmuR'l  md  research  snst  for 

ADVANCED  STUDIES 

surface  and  ENVLRONMENT-SLNSIT i.ve  MECHANICAL 
BtHAVJOK.  LU) 

Dt'-SCRIPTIVE  NOTE!  TECHNICAL  rEPT., 

JUL  6  V  159P  wESTaOOD,  ALBERT  r.  c.  ; 

LaTaNISION.R.  m.  ; 

REPT.  NO.  TR-12*  RI  AS-TR-69-9C 

contract:  NONR-R 1 62 ( UO) 

PRO j ;  NR-0J&-US5 

unclassified  report 

SUPPLEMENTARY  NOTt;  PREPARED  In  COOPERATION  a i th 
NATIONAL  BUREAU  UF  STANDARDS!  WASHINGTON,  D,  C. 

DESCRIPTORS:  UCKYSTa*.  STRUCTURE,  SURFACE 

PROPERTIES),  (♦CRYSTALS,  ‘  >.  C  H  A  N  l  CAL  PROPERTIES)  , 

1  N  OR  (j  A  fi  1  C  COMPOUNDS,  METaLLU  CRYSTALS, 

CRtSTalLOGkaPHY  I  ENVIRONMENT,  deformation, 

CRYSTAL  lattice  defects*  ATOMIC  PROPERTIES* 

ADSORPTION,  EMBRITTLEMENT,  FILMS,  CHEMICAL 
CONTAMINATION.  SOLVENT  ACTiQn,  DIFFUSION  (U) 

IDENTIFIERS;  IONIC  CRYSTaEs,  REBINDER  EFFECT  (U) 

THE  INFLUENCES  OF  SURFACE  STRUCTURE  AND  ENVIRONMENT 
ON  THE  MECHANICAL  BEHAVIOR  OF  CRYSTALLINE  INORGANIC 

solids  are  reviewed  and  possible  mechanisms 

DISCUSSED.  IN  PARTICULAR*  .THE  VARIOUS  ROL^S  OF 
SUCH  FACTORS  AS  THE  ATOMIC*  ELECTRONIC,  AND  DEFECT 
STRUCTURES  UF  ThE  NEAR-SURFACE  REGIONS,  THE  PRESENCE 
OF  ADSORBED  SURFACE-ACTI VE  SPECIES,  ALLOYED  LAYERS, 
OXJdE  FILMS,  GASEUUs  OR  LIQUID  ENVIRONMENTS*  ETC.  ARE 
CONSIDERED  IN  CONNECTION  hITH  THE  R05C0E, 

REBlNyER,  AND  JuFFE  EFFECTS*  L  I  wU I D-ME TAL 
EMBRITTLEMENT,  cOMPlEX-IOn  embrittlement,  HYOROOEN 
EMBRITTLEMENT,  ANu  OTHER  PHENOMENA,  (AUTHOR)  (U) 
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DESCRIPTIVE  note:  wUaRTERLY  PROGRESS  REPT.  1  MAV-3] 

JUL  69  i 
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UNCLASSIFIED  report 

SUPPLEMENTARY  note:  sponsored  by  u.  s.  ATOMIC 
ENfcRuY  COMMISSION.  StE  ALSu  (xUARTERLY  jREPT.  DA%0 
AP-R  69,  AD-690  863. 

DtSCRlPTORS:  UREAlT-uR  MATERIALS,  STtEL  )  , 

t  “STEEL,  •KAwlATlOiv  uAMAGE),  EMBK^TT  lEMENT  » 

HOrtER  REACTORS.,  PRESSURE  VESSELS,  WVElOS,  NEUTRON 
SPtCTRuM,  NEUTRON  FLUX,  FRAC  TURK  (MECHANICS')., 
FRaCTOgKAPMY.  cracks,  annealing,  MICROSTRuCTuRE  (U) 

IDENTIFIERS:  S/EEL  ASR3,  STEEL  A j50 ,  STEEL 

A537,  STEEL  Ab33  (U) 

The  RtPORT,  COVERING  RESEARCH  FOR  TriE  PERIOD  1 
May  -  31  JULY  1  969  ,  INCLUDES  THfc.  F  0  L  L  0  »VJ.,N  G  | 

(1)  IRRADIATION  RESPONSE  OF  ASRJ  STEEL  TiC 
DIFFERENT  THERMAL/FaST  NEUTRON  FLUXES,  (02) 

MECHANICAL  PROPERTY  AND  NEUTRON  SPECTRUM  ANALYSES  OF 
THt  BIG  RUCK  POINT  REACTOR  PRESSURE  VESSEL, 

(3.J  CHARPT-V  NOTCH  CHARACTERISTICS  uF 
IRRADIATED  A3S0-LF2  AND  A53/-0  WELDMENTS  FOR 
PRESTRESSED  CONCRETE  LJnEK  applications,  (R)  AN 
ANALYSI5  UF  FRACTURE  SURFaCE  N I CROSTRUCTURE  OF 

Radiation  sensitive  steels  by  scanning  electron 

MICROSCOPY,  (5)  ThE  INITIAL  ASSESSMENT  OF  5S0F 
RADIATION  EMBRITTLEMENT  SENSITIVITY  OF  A  SPECIAL 
AS33-U  CLASS  l  ELECIROSlAg  AElOmENT-,  AND 

(6)  mechanical  properties  assessments  OF  THICK 

SECTION  PLATES  FRuM  LOW  ReS’DUAL  A5J3-8  SPECIAL 

HEAT.  IAUTHOR)  (U) 
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DESCRIPTIVE  NOTE!  INTERIM  REPT., 
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UNCLASSIFIED  REPORT 


DESCRIPTORS:  (*REACTOR  MATERIALS,  maraging 

STtELS),  (•MARAGING  STEELS,  RADlAflON  DAMAGE), 

(•NEUTRON  REACTIONS.,  MARAGING  STEELS),  WELDS, 

HEAT  TREATMENT,.  NOXC  H  TOUGHNESS,  MI  CROSTRUCTURE  , 
aGINO(MATERIALS)  ,  EMdR-ITTLEMENT  ,  thermal 
STABILITY,  .DETERIORATION,  TENS  I  Lt  PROPERTIES, 

ELUNgATION,  REDUCTION  OF  AREA,  YIELD  POINT  ( U ) 

IDENTIFIERS:  •NEUTRON  IRRADIATION  (U) 

CHANGES  OF  CHARPY-V-NOTCH  ductility  and  tensile 
STRENGTH  IN  NEUTRON-I.RRaDJ  ATED  12NI-5CR-3MO 
MARAGING  steel  have  been  evaluated  FOLLOWING  low 
(LESS  THAN  250FI,  AND  ELEVATED  (550  TO  7H0F) 

temperature  exposure,  the  study  ^ as  performed  with 
six  heats  of  i-in. -thick  plate  material  aged  at 

900F  FOR  2  AND  20  HR  TO  NOMINAL  YIELD  STRENGTHS  Op 
1 6  0  ANC  180  KS  !<•  RESPECTIVELY,  THE  LONG-TL'RM 
THERMAL  STABILITY  OF  BOTH  HEAT-TREATMENT  CONDITIONS 
Was  INVESTIGATED  FOR  THE  CONDITIONS  OF  IRRADIATION, 

THE  LESS  THAN  2oOF  ANO  550F  IRRADIATION 
PERFORMANCE  Op  MATCHING  (15-S-3J  AND  MISMATCHING 
( 1 7NI -2C0-3M0 )  TIG  WELD  DEPOSITS  MaRAGED 
TO  180  K S 1  YIELD  STRENGTH  WAS  AlSO  ASSESSED  IN  THIS 
STUDY,  CHANGES  IN  THE  GENERAL  PROPERTIES  Of  THE, 

12-5-3  MANAGING  STEEL  PLATE  AND  COMPANION  WELD  METALS 
WERE  FOUND  TO  BE  RATHER  SmALL  WITH  LESS  THAN  25QF 
EXPOSURES,  INDICATING  GOOD  RESISTANCE  TO  NEUTRQN- 
I NOuCED  EMBRITTLEMENT,  HOWEVER,  A  MARKED 
DETERIORATION  OF  NOTCH-OUCT  1 1 1  TY  PROPERTIES  WITH 
LONG-TERM  EXPOSURE  AT  ELEVATED  TEMPERATURE  WAS 
REVEALED  AND  TRACED  TO  A  NONNUCLEAR  THERMAL 
INSTABILITY,  THE  OBSERVED  INSTABILITY  JS  BELIEVLD 
TO  BE  A  CONTINUATION  OF  AGING  PROCESSES  AT 
TEMPERATURES  WELL  BELOW  THE  INITIAL  MARAGING 

temperature* 
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fatigue  and  embrittlement  of  metallic  materials* 

(  u ) 

SEP  69  30 JP  IVaNOVAiV.  S.  (GUREVICH, S. 

E  .  !  KUPF.V  *  I  .  M.  JKUuRYASHOV  ,  V.  G  .  ! 

STEPANOVjV.  N.  5 

REPT.  no.  FTD-HT-23-258-69{ JPRS) 

PROj ;  FT0-723017B 

UNCLASSIFIED  REPORT 

SUPPLLMENTAKY  NOTtl  0 N E D 1 T L 0  ROUGH  DRAFT  TRANS.  OF  MONO. 
USTALOST  I  KHRUPKOST  MBTALuICHESnIKH  materialov, 

MOSCOrt,  1968  P1-21B. 

DESCRIPTORS;  (•FmTJGUE(MEChANI.CS)  ,  METALS). 

(♦METALS.  BRITTLENESS),  (  •EMb'R  I  T-.TLEMENT  ,  TEST 
METHODS),  FRACTUHE(MLCHANICS)  ,  CRACK 
PROPAGATION,  EMBRITTLEMENT,  STRESSES,  STRESS 
CORROSION,  LOADING(MECHANlCS) ,  DEFORMATION. 

DISLOCATIONS,  USSR 

identifiers;  translations 

THE  SUBJECTS  COVERED  INCLUDES  METHODS  OF 

determining  metal  susceptibility  to  brittle  fracturc 

AND  THE  PATTERN  OF  CRACK  PROPAGATION  UNDER  5  T  A  T  l  C  AND 
CYCLIC  LOaOS.  THE  EMBRITTLING  EFFECT  OF  CYCLIC  LOADS, 
THE  INFLUENCE  OF  STRESS  CONCENTRATORS  AND  FRETTING- 
CORROSION  ON  FATjGUt  RESISTANCE,  PROBLEMS  OF 
DEVELOPING  MATERIALS  WITH  HIGH  RESISTANCE  TO  CRACK 
PROPAGATION,  AND  VARIOUS  ASPECTS  OF  ELASTIC  MATERIALS 
AND  THEIR  MECHANICAL  PROPERTIES.  (U) 
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MaR-T-Ln  MARIETTA  CORP  BALTIMORE  ilD  RESEa^C-H  INST  FOR 
ADVANCE O'  STUDIES 

THE  CmEP'ICAL  and  PHYSICAL  ASPECTS  of  LlOUlD  METAL 
EM8RI TTLEMENT,  (U) 

DESCRIPTIVE  NOTE:  FINAL  KEPT.  MAY  66-JUN  g9, 

aUG  69  52P  PREECE  .CAROLYN  n.  .‘WESTWOOD, 

Albert  k.  c.  : 

REPT.  NO.  Kt AS-TR-69-HC 
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UNCLASSIFIED  REPORT 


DESCRIPTORS;  (  «^M3RI TTLEMENT ,  •LIQUID  METALS)  , 

■(•METAlS,  FRACtOKE(MECHAnICS)  )  ,  ALUMINUM, 

C  ADM  I  Urt  »,  SILVER,  BRASS,  SILVER  ALLOYS,  GOLD 
ALLOYS,  BRITTLENESS,.  GRAIN  SIZE,  TRaN.S  JT  ION 
TEMPERATURE,  Phase  STUDIES,  ADSORPTiuN  { U ) 

A  STUDY  Was  MaDl  of  The  INFLUENCE  OF  VARIOUS  liquid 
Metals  and  SOLUTIONS  ON  T.H£  FRACTURE  BEhA  V I  OR  OF 
aluminum,  cadmium,  silver,  brass  and  silver-gold 
AXLOYS.  The  PRINCIPAL  EXPERIMENTAL  VARIABLES  WERE 
COMPOSITION  AND  GRAIN  SUE  OF  ThE  SOLID,  COMPOSITION 
OF  THE  LIQUID  MeTaL  PHASE,  TEMPERATURE  AND  RATE  OF 

loading,  the  results  inoicate  that,  by  using 
appropriate  values  of  these  variables,  it  is  possible 
to  control  (Either  enhance  or  inhibit) 
embrittlement  over  t AIRlY  wide  kANGES . 

(AUTHOR)  (U) 
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IRRADIATION  EFFECTS  ON  REACTOR  STRUCTURAL 

MATERIALS.  t  U I 

OtSOR  I P  T  I  V  E  NOTE:  v/UaRT.ERLY  progress  REPT.  I  AUG-31 
OCT  69, 

NOV  69  2/P  STEELE, L.  E.  i HAWTHORNE , 0. 
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Gk  A  Y  ,  K  »  A*  ,  JR! 

REPT.  NO.  NRL-MR-2U56 
PROj:  RR-0U7-01-R1-5H09 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTt:  SEE  ALSO  A0-&9S  371, 

descriptors:  (♦Rc.ac.tor  materials,  s-te-el^, 
l*  steel  »  ♦RADI  ATION  UAMAUE),  pressure  vessels, 
FRaCTUREIMECHANICSJ ,  EMBkI I TlEmEnT  ,  ANNEALING, 
thermal  stability,  STAINLESS  STEEL,  DUCTILITY, 
SENSITIVITY  (U) 

the  report  incluoes;  u>  initial  comparisons 

8 l T tV E E N  DYNAMIC  TEAK  TEST  AND  ChARPY  V-NOTCH 
impact  data  for  irradiated  STEELS,  INCLUDING  the 
PtWA  VESSEL  steel,  (2)  The  RECOVERY  OF 
ductility  by  ANNEALING  heat  TREATMENT  of  steels 
irradiated  to  different  Ratios  of  thermal  to  fast 
NEUTRONS,  ( 3 I  The  Un.IRRaOIATED  PROPERTIES  of 
special  AS33-8  STtEL  HEAT  PROCURED  FOR  LOW 
EiMBRl  TTLEMENT  SENSITIVITY,  (HI  DATA  DESCRIBING 

the  thermal  stability  of  a  potential  advanced  reactor 
STRUCTURAL  alloy,  5NI-CR-M0-V  STEEL,  AND 
(Si  Initial  strength  and  ductility  data  on 

SELECTED  AUSTENITIC  STAINLESS  STEELS,  3uH»  30HL> 

316,  AND  3  1  6L  ,  AFTER  !  Rr AD  I  AT l Or  IN  THE  EBR-II 
REACTOR  TO  FLUENCES  between  O.M  AND  9.0  X  1U  TO  THE 
2UTH  POWER  N/SO  CM  >  1  MEV  AT  T tMPERATURE^ 

RANGING  FROM  70 OF  (3710  TO  830r  (HH3C). 

(AUTHOR)  (U) 
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UNCLASSIFIED  REPORT 


DESCRIPTORS;  (  *Frt  ACTURE  (  MECHAN  I.CS  )  , 

•SfRAlN(MECHANlCS)  1  ,  BRITTLENESS,  DEFORMaTI'ON, 

strain  hardening,  embrittlement,  stresses, 

DISLOCATIONS,  fatigue (MECHANICS)  ,  3  RON  ALLOYS, 

SILICON  ALLOYS,  crack  PROPAGATION,  BRASS  (U) 

The  InVESTInGaMON  of  fracture  focused  on 
elucidating  the  mechanisms  dY  which  strain  becomes  bo 
CONCENTRATED  THAT  The  work  uF  DEFORiiAT  I  ON  ,  LIMITED  to 
a  small  volume  becomes  little,  the  research 
concerned  primarily  with  engineering  materials 
CONSISTED  OF  the  FOLLOWING  phases;  (l)  A 
THEORETICAL  STUDY  OF  THE  ELASTIC  CONTRIBUTION  TO  THE 
SURFACE  ENERGY  CONTROLLING  F  INAL  .SEPARATION?  of  FHE 
material  embrittled  by  plastic  deformation,  121 
Ah  EXPERIMENTAL  STUDY  OF  hOi!  TO  REVEAL  THE  PLASTIC 
ZONE  and  MEASURE  ITS  SIZE  IN  MATERIALS  OF  INTEREST. 

(3)  A  STUDY  OF  STRAIN  HARDENING,  WHICH  CONTROLS 
The  PLASTIC  ZONE  BlZE,  bY  STUDYING  THE  EFFECTS  OF 
PRIOR  STRAIN  ON  THE  OPERATION  OF  LATENT  SLIP  SYSTEMS. 
(H)  A  STUuY  OF  STRAIN  HARDENING  BY  CALCULATING 
THE  5'TRlSb  AT  A  PU  f'NT  DUE  TU  PIlE-UP  COMPLETE 
DISLOCATION  LOOPS,  ( 5 )  A  STUDY  UF  ThE  PROCESS 
OF  FRACTURE  IN  F'aTIoUE,  BOT.m  EXPERIMENTAL  BY  OPTICAL 
and  electron  m'URoslopy,  anu  theoretical  by  applying 
DISlOCATIuN  dynamics.  (6)  AN  EXPERIMENTAL  AND 
theoretical  study  of  plastic  zone  strain 
DISTRIBUTION,  CUNTROLLInG  fracture  toughness,  and 
PROPAGATION  V.ELUClTY  CONTROLLING  crack  speed,  in  IRON 

and  an  1 run-s i l 1  con  alloy,  (7)  a  similar  Study 
of*  brass,  involving  stack  1  ng-fault  energy  as  a 
variable,  m  A  STUDY  OF  CREEP ,  RELATING  TO  THE 
SLOW  GROWTH  OF  CRACKS  PRECElDJNg  RAPIO  crack 
PROPAGATION,  BY  APPlYjNv,  THE  THlOR Y  OF  THERMALLY  ANu 
STRESS  ACTIVATED  KATE  PROCESSES  TO  DISLOCATION 
MOVtHtNTS.  (AuTmOk)  (U) 
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UNCLASSIFIED  REPORT 


Descriptors:  (-nuclear  reactors,  materials)-, 

(•steel.  •Radiation  DAMAGE),  PRESSURE  VESSELS, 
tMBR I T TLEMENT  ,  IMPACT  TESTS,  NEUTRON  REACTIONS, 
TRANSITION  temperature,  ductility,  toughness, 
tensile  PROPERTIES,  MELOS  { U ) 

identifiers:  steel  a-302-b,  steel  a-s33, 

STEEL  A-SRJ  (U) 

Tm£  EFFECTS  of  NEUTRON  IRRADIATION  ON  CHARPY-V 
ShEuF  ENERGY  AND  YIELD  STRENGTH  WAS  EXAMINED  FOR 
TnKEE  PRESSURE  VESSEL  STEEL  COMPOSITIONS:  A302-B, 

AbJ3,  AND  A  3  4  3  •  ThE  EFFECTS  OF  RADIATION 
EXPOSURE  AT  LOW  TEMPERATURE  (<3uOF  ( 1 M 9 C  )  ) 

ANO  AT  ELEVATED  TEMPERATURE  (b5uF  (288  C)  TO 
7 R OF  (3930)  ON  THE  OVERALL  NOTCH  DUCfjLlTY  ARE 
DOCUMENTED  and  COMPARED.  SUMMARY  PLOTS  SHOWING  The 
SIMULTANEOUS  DEGRADATION  JN  ShElF  ENERGY  AND  THE 

increase,  of  yield  siRength  levels  broadly  .illustrate 
the  PROGRESSIVE  CmAnGE  from  DUCTILE  FRACTURE 
PERFORMANCE  TO  RELATIVELY  BHITTlE  CHARACTERISTICS. 
(AUTHOR)  (U) 


69 


UNCLASSIFIED 


IZBmLi 


UNCLASSlF ied 


DOC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  lZBMLl 
AU-70U  298  13/ts 

FOREIGN  TECHNOLOGY  OlV  « I  GhT-PaTTERSUN  aFB  OHIO 

MtTAL  SOLUERInG,  ( U ) 

SEP  69  R*UP  LASHnO.V.  F.  SLASHES, 

V.  {. 

RtPTi  NO.  F  T  0  -  N  T  -  2  -  i  9  0  -  6  8 
PROj ;  FT o-7 23027a 

unclassified  report 

S U P P L  E  M  L  N  T  A  R  Y  NOTE:  cDITED  MACHINE  TRANS.  OF  MONO,  PaIKA 
METaLLOV,  MOSCOW i  1967  Pl-367* 

DESCRIPTORS:  (•SOlOERInO,.  REVIEWS),  SOLDERED 

JOINTS,  SOLDER'INu  alloys,  soldering  fluxes,  metae 
FLATtS,  EMBRITTLEMENT  ,  STRESSE^S,,  DIFFUSION 

bonding,  bonding,  ^razing,  met-al  joints, 

CRACKS,  C  R  f  S  r  A  L  Lil  Z  A  T  1  ON  ,  HfcA-.l  -RESISTANT  MATERIALS, 
INTERACTIONS,  USSiR  (U) 

IDENTIFIERS:  TRANSLATIONS  (U) 

THE  book  l NCLUOtS  MATERIAL  UN  NEW  VARIETIES  OF 

soldering:  diffusion,  resistance-reaction.*  the 

LATEST  ACHIEVEMENTS  \in  the  REGION  of  SOLdLRING 
technology  of  alloys  based  on  ALUMINUM,  COPPER 
titanium  AND  others  ARE  DtSCR  J  BED »  BASIC 
INFORMAT  IuN  on  The  PHYSICAL  CHEMISTRY-  FUNDAMENTALS  of 
PROCESSES  OF  SOLDERING  ARE  DISCUSSED.  ESPECIALLY  ON 

the  interaction  of  the  mejal  to  be  soldered  with  the 
Hwoio  SOLDER.  PRACTICAL  EXPERIlNcE  is  GeNERALUED 
In  the  APPRAISAL  of  the  effect  of  COMPOSITIONS  of 
solders,  soloerable  metals  *no  basic  technological 
factors  on  the  duality  of  soldered  JOINTS* 

(AUTHOR)  IU) 
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Illinois  inst  of  tecn  Chicago  otPT  of  metallurgical 
engineering 

The  EFFECT-  OF  LEAD  ON  MICRO-CRACK  INITIATION  AND 
PROPAGATION  IN  AlCOY  STEELS.  THE  EFFECT  OF 
COMPOSITION  AND  TEST  CONDITIONS  ON  LEAD- 
EMBNl'rTLEMENT  OF  STEEL •  (U) 

DESCRIPTIVE  NOTE!  FINAL  KEPT.  ON  PHASE  2, 

NOv  69  1M9P  WARKL.wlLLIAM  R.  {BREYER. 

NORMAN  N.  J 

CONTRACT:  uA-20-1 13-AMC-1062UCT) 

MONITOR:  TACOM  TK-10752 

UNCLASSIFIEU  REPORT 


DESCRIPTORS:  ( *STEEL •  embrittlement), 

(♦.EMBRITTLEMENT,  ♦LEAD) ,  LEAD  ALLOTS, 

FRACTURElMtCHANlCSi  ,  CR  ACK  PROP'AG  AT  I  ON  , 

fatujUume-chanicsi  ,  brain  size, 

STRAINIMECHANLCSI ,  CRACKS,  TEMPERATURE, 

FRaCTOGRAPHY 

Identifiers;  steel  rirs 

THE  EFFECTS  Of  COMPOSITION  cRA^N,  SUE,  STRAIN  RATE 
AnO  OTHER  VARIABLES  ON  THE  lEaD-EMBRITTLEMENT  OF 
STEELS  WERE  STUDIED.  THE  LEAD  EMBRITTLEMENT  OF 
STEEL  WAS  OBSERVED  AS  A  luSB  IN  DUCTILITY  AnD  TRUE 

fracture  strength  of  heat  treated  ^steel  tested  at 
elevated  TEMPERATURES  In  the  pREF'-NCE  of  lead,  the 
EMBRITTLEMENT  Was  seen  when  the  LE AO  WAS  -present 
EITHER  INTERNALLY  IN  the  STEEL  (LEADED  STEEL)  OR 
SuLUEkED  TO  The  surface,  the  PHENOMENON  WAS  FOUND 
TO  EXIST  OVER  A  RANGE  OF  TEMPERATURES  FROM  ABOUT 
3UUF  (i.E.  MORE  THAN  30U  F  BELOw  tHE  MELTING 
POInT  OF  LEAD)  TO  A  8R I  TTLE“TU-DUCT I LE  TRANSITION 
TEMPERATURE  WHICH  RANGED  FROM  7uO  F  TO  OVER  900  F 
DtPENDlNG  ON  A  NUMBER  OF  FACTORS  B,  IT  WA$  FOUND 
That  THE  EMBRITTLEMENT  VARIED  WITH  COMPOSITION  AND 
SEEMED.  AT  AN  EQUIVALENT  STRENGTH  LEVEL,  TO  BE  MORE 
StVERE  THE  LOWER  THE  CARBON  OR  ALLOY  CONTENT  OF  THE 
STEEL.  THE  LEAD  CUNTENT  OF  A  LEADED  STEEL  WAS 
FOUND  TO  t>E  UNIMPORTANT,  bUT  THE  COMPOSITION  OF  THE 
LEAD  >*AS  CRITICAL.  uTHER  VARIABLES  'n  H I C  H  Were 
STUDIED  INCLUDED  uRAIN  SIZE.  LOADING  RATE.  PRIOk 

Plastic  straining  ai  room  temperature  and  cyclic 

LOADING.  (U) 
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naval  research  lab;  kASHin&ton  d  c 

POSTGRAD!  ATION  CHAKPY-V  ANU  DYNAMIC  TEAR  SrfELF 
LEVEL  PERFORMANCE  OF  1 2 - I N «  T n I CK  AS33-d 

plates  and  weld  metal. 

DESCRIPTIVE  NUTE:  MEMORANDUM  R£PT.  , 

apr  70  12P  m a iv thorne ,  u  •  R.  : 

REPT.  NO.  4vRL-KR-21H 
PRO j  ;  RRU07-1 1-11-S1U9,  NRu-MO 1  - 1 9 

UNCLASSIFIED  report 


descriptors:  ureactor  materials,  steel), 

(•STcEl.i  radiation  damage).  metal  PLACES, 
rtELOS,  PRESSURE  VESSELS.  NEUTRON  REACTIONS. 

EMaR  1  TT.LEMtNT  ,  DUCTILITY,  IMPACT  TESTS 
IDENTIFIERS:  ST-£lL  A- 5-3-3  b 

ChARPY-V  ICV)  AND  DYNAMIC  TEAR  IDT)  TEST 

comparisons  at  shelf  level  temperatures  were 

DEVELOPED  FUR  THE  IRRADIATED  CONDITION  OF  TrtO  1  2  - 1 N .  ~ 

thick  A533-d  steel  plates  and  a  submerged  arc 
weld  otposit.  materials  for  This  investigation  were 
provided  by  the  u.  s.  atomic  energy 

COMMISSION'S  HEAVY  SECTION  STeEl  TECHNOLOGY 
( H5aT )  PROGRAM.  INDIVIDUAL  PLATES  WERE 
IDENTIFIED  AS  HSST  PLATES  NOS.  Ul  aN?  0* {  THE 
WELD  PREPARED  BY  COMBUSTION  ENGINEERING  WAS 

Identified  as  wcld  so.  lo,.  temperature  (<3oof, 

H9C)  AND  ELEVATED  TEMPERATURE  (5S0F.  2B8C) 

IRRaOIATIUNS  V.ERE  CONDUCTED,  FLUENCtS  FOR  THE  EIGHT 
IRRADIATION  EXPERIMENTS  RANGED  FROM  2  TO  3  X  10  TO 
The  1 V T H  POnER  N/SQ  CM  S  l  MEV.  EXPERIMENTAL 
results  indicate  that  the  percent  reduction  in  c 
sub  V  SHELF  ENERGY  IS  .COMPARABLE  to  the  percent 
Reduction  in  dt  shelf  enErgy/c  sub  v  Shelf  energy 
ratio  fur  an  individual  Material  are  retained  under 
ihraoiatiun.  observations  are  in  agreement  with 

RECENT  FINDINGS  FuR  A593  ANU  OThER  A&33  STEEL 

plates,  ratio  retention  w0uld  permit  the  derivation 

OF  an  APPROXIMATE  PuST l RRAD 1  AT  I  UN  DT  SHELF  ENERGY 
From  POST I  RR AD  I  AT l ON  c  SUfa  V  SHtLF  tNERGY  FOR 
FRACTuKE  SAFETY  ANALYSES.  (AUTHOR)  (U) 
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NAVAL  RESEARCH  LA 6  WASHINGTON  D  C 

CuKROS 1  ON  FATJ6UE  CRACK  GROWTH  BEHAVIOR  ABOVE  AND 
6ELUW  K  SUB  1 SCC .  (U) 

DESCRIPTIVE  NOTE.*  flNAL  KEPT., 

MAY  7U  2  JP  GALLAGHER* J.  P.  ,* 

KEPT.  NO.  nRL“706‘1 

PROj;  nRL-MQI-08*  RRUQ7-G  I  -'U-SR  l  6 

unclassified  report 


DESCRIPTORS:  USTEtL,  *crack  propagai iont, 

(♦STRESS  CORROSION*  STEElI* 

FAT 1uU£( MECHANICS)  ,  F R AC T UR£ ( ME CH AN  I CS ) f 

HYDROGEN  EM8RITTLEMENT  (U) 

IDENTIFIERS:  STEEL  HY-80,  STEEL  H3HO  (U) 

the  Purpose  of  this  instigation  was  to  contrast 

The  SALT  WATER  COHRuSION  FATUUE  CRACK  PROPAGATION 

behaviors  observeu  in  the  two  regimes  >of  no 
measurable  SUSTAINED  load  CRACK  PROPAGATION  AND  OF 
MlAsUKABLE  >STREsS-CORROS Jon  CRACKINo  rates,  a 
TTPICaL  STRUCTURAL  STEEL*  HY-80  STEEL,  HAVING 
INTlRmEdI ATE  STRENGTH  ANO  high  TOUGHNESS,  WAS 
selected  for  its  high  resistance  to  environmental 

CRACKING  UNDER  SUSTAINED  load,  a  HPGH-sTREnGTH  tI3‘*0 
STEEL  WHICH  ..as  PREVIOUSLY  ShOWN  TO  BE  H]GHlY 
SUSCEPTIBLE  to  environmental  CRACKING  UNDER  sustained. 
LOau!  WAS  CriOSEN  FOR  the  STUDY#  (AUTHOR)  (U) 
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TRW  EwUJ-PMEnT  LABS  CLEVELAND  OHIO  MATERIALS  TECHNOLOGY 
OEPT 

.evaluation  .of  hyokogen  em0r i ttlement 

mechanisms.  (U) 

DESCRIPTIVE  NOTE.*  TECHNICAL  REPT  .  , 

JUe  7 U  2sP  oARTniC*  F.  ; STE 1 GERftALD  * 

e  •  a  #  : 

REPT.  no.  ER.-7B77 

cuni-ract:  NOuuiir-,6y-c-o2B£ 
unclassified  report 


DESCRIPTORS;  1*HYDROdEN  EMbR 1 TTLtMENT »  THEORY), 

(  *  S  T  e.  L  L  i  HY.DROGEn  eMqR  I  TTLtMENT  )  ,  CRACK 

propagation,  stresses,  diffusion  (U) 

the  incubation  time  -vh.ich  precedes  the  initiation 
of  aLOA  CRACK  GHO.vTh  fN  TriE  DELAYED  FAILURE  OF  HIgH- 

strenoTh  steel  containing  hydrogen  was  reversible 

ff-J  T  ri  RESPtCT  TO  TriE  APPLIED  StRuSS,  THE  KlNETjCS  OF 

the  reversibility  process  indicated  that  it  was 
CONTROLLED  BY  The  DIFFUSION  of  HYDROGEN  AnO  HAD  An 
ACTIVATION  ENERGY  OF  APPROXIMATELY  VQUU  CAL/MQLL. 
RLVERSIdLt  HYoROGeN  EMBRITTLEMENT  STUDIES  WERE  ALSO 
CONDUCTED  AT  LIQUID  NITrO^En  TEMPERATURES  WHERE 
DIFFUSIONaL  PROCESSES  SHOULD  N°T  OC'Cu^.  THE 
PREVlOUSLr  REPORTED  LOW  TEMPERATURE  EMBR  I  T TlEMEnT 

Behavior  „as  confirmed  inoTcat ing  a  basic  interaction 

between  HYOROGEN  ANO  THE  LATTICE*  ThE  EXPERIMENTAL 

Results  cuUlo  be  satisfactorily  explained  by  the 

LaITIcE  EMBR  I  TTuEMENT  TrEuRY  PRuPOSeD  BY  TROJANO. 
TAOTHuR)  «U) 
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naval  research  lab  Washington  d  c 

The  InFlUL'NCL  OF  COMPOSITION  on  The  FRACTURE 
toughness  of  commcRlial  nuclear  vessel  welds.  (U) 

DcSCRIPTI  VE  NOTE!  INTERIM  REPTv  , 

jUn  7U  22P  STEELE jLENDEuL  E.  i 

RtPT.  Nu.v  NRL-70V5 
CUNTRaCT.:  mT(R9-B)  -'21  10 

PHOj:  kRU07-1 i-Hl 

UNCLASSIFIED  REPORT 


DESCRIPTORS;;  (•NUCLEAR  POWeR  plants,  PRESSURE 
VES5tLb),  R  ‘PRESSURE  VESSELS  *  EMbR  I  T  ILF.MENT  )  , 

METAl  JOINTS,  aElDB,  FRACTuRE ( MECHANICS  )  , 

toughness,  raoiatiun  damage,  statistical  data  ( u > 

identifiers;  fractuRl  mechanics,  Radiation 
tMb.RTTTLEMt.NT,  STEEL  A302«b,  STEtL  AS3J-b, 

ELECTRuSlAG  WELDING  (U) 

irradiation  stujies  of  welds  of  the  astm  type 

AiJ/.-b  AND  AS33-8  STEELS*  MUST  COMMONLY  USED 
FUR  cummercial  -»AlER  REaCTOk  vEsSELS*  demonstrated, 

ScVlRaL  INSTANCES  IN  WHICH  THE  wELD  M£TaL  EXHIBITED. 
LOWER  FRACTURE  TOuGhNESS  UR  GREATER  ELEVATION  OF  THe 

br i  ttuE-to-ouct ile  transition  temperature  than  that 
observed  tor  the  companion  base-plate  and  weld  heat- 

AFFtCTEO-ZONt  MATERIAL.  EXAMINATION  OF  the 
STRUCTURE  AND  COMPOS  I T I  UN-  LED  TU  The  CONCLUSION  THAT 

composition  is  critical  to,  the  level  of  radiatiun- 
Induced  embrittlement,  the  level  of  copper  and 

PHOSPHORUS  CONTENTS  HAS  BEEN  SHOWN  TO  BE  ESPECIALLY 
CRITICAL  to  the  LtVEL  of  EMBRITTLEMENT  with  welds 
having  huh  copper  oo./oij  and  phosphorus  o 
o.oibii  showing  greater  embkItt.lement  than  thosl 
CONTAINING  LESSeR  AMOUNTS,  r H E S t  EXPERIMENTAL 

observations  were  verified  through  laboratory  tests 

In  H I C  H  THESE  CONSTITUENTS  AnD  OTHER  RESIDUAL 
Elements  .,ere  cuntrulleo  in  aeluments  simulating 
Those  FOR  REACTOR  StRvICE,  (AUTHOR)  (U) 
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analysis  op  neutron-embr i  ttlemEk-t  an&  flux- 
density  CONSlDcrtAl IONS  OF  ThE  ARMY  SM- j  Rt ACTOR 

pressure  vessel, 

jun  7u  2rp  sekp an, Charles  z.  ,  or,; 

RLP.T,  No,  hRl-7101 

PROo;  nRl-MO  1  - 1  R  ,  uSA-ERo-.ll -69 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  (•PRESSURIZED  WATER  REACTORS,  PRESSURE 

VESStLS),  (•STEEL,  EMBRITTLEMENT),  NEUTRON 
FLUX,  DOSIMETERS,  NEUTRON  SPECTRUM,  TEMPERATURE-, 

ROAER  REACTORS,  STATISTICAL  ANALYSIS,  TRANSITION 
TEMPlRaTURe,  REA.CTuR  SYSTEM  COMPONENTS 
IDENTIFIERS!  FlUlNCE,  STEE.L  a-2U,  SM-Ja 
reactors 

Tot  ARMY  SM-1  Rt ACTuR  HaS  RcEN  tVALUATEU  WITH 
R.ESPtCT  Tu  TH£  INCRtASE  In  TRaNbJTIuN  TEMPERATURE  OP 
The  A212-U  STEEL  PRESSURE  VESSEL.  ALTHOUGH 
STElL.  FROM  The  oEAT  PORfllivG  TriE  VESSEL  IS  NOT 
AVaI-'laBlE  FUR  I  RRaD  1  AT  I  uN-RcSpOnSE  bEHaVI-UR  TESTING, 

Toe  Initial  transition  temperature  of  ro  deg  f  ih 

Dtc  0  WAS  DETERMINED  FrOm  VESSEL  STEEL.  A 
RELAT  iO.NSnlP  BETWEEN  jNCRtASl.vG  EMBRITTLEMENT  FUR  A 
*T  -  j  N  •  -  T  H 1-C  K  PLATE  Of  A212-B  STEEL,  REPRESENTING 
The  ASTM  REFERENCE  heat  Fur  THIS  COMPOSITION,  and 

increasing  neutron  fluencl  <«as  established  tor  the 

IRRADIATION  TEMPERATURE  CuNuITlUNS  OF  ThE  Sm-1 
reactor.  COMBINING  iiiITH  This  THt  ARMY-JMpOSED 
transition  temperature  limit  fok  the  sm-i  Rt ac tur 
Vessel  OF  29b  DEG  F  U  H'6  DEg  C>  RESUL-Ts  IN  A 
FLuENCl  VALUE  OF  ^.65  X  10  TO  ToE  l  y»T  H  PO*ER  N/^Q.CM 
>  0.5  Me.  V  FUR  A  L I  FtT  I'M£  VESSEL  EXpuSURt,  THE 
MEUTRuN  FLUX  lEVEl  FOR  THE  VEsStL  Y«aS  ESTABLISHED  BY 

extrapolating  a  cure-region  flu*  measurement  using 

VoE  RESULTS  OF  A  CALCULATED  NEUIKON  SPECTRUM  AT  THE 
REAlTuR  VtSiEL.  (AUIhOR) 
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<* vanadium,  radiation  damage  i  t 

vEis'ELs-  ««••• 

I  OEnT  I  PI  EiRS  j  STEcL  A-533*>  (’[jj 

R«f:.A-?0Rr  INCLU0ES:  (1>  ASSESSMENT^  OF 
con  7  \iUc  Rfc‘Si-SrftwT  AS3  3-d.  PLATt  from  J 
CONITOLLF-O  COMPOSITION  30-TON  DEMONS  Tr'a  f>0N  M£LT 

'  ,  »F  THR006H-TH1CHNES1.  DUCTILITY 
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naval  research  LAB  Washington  d  c 

DEMONSTRATION  OF  IMPROVtP  RADIATION 
EMBRITTLEMENT  RESISTANCE  of  Ab'is-B  ST.EEL 
THRuUGH  "cuNTKoL  of  SELECTED  RESIDUAL 

Elements,}.  <u) 
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unclassified  report 


descriptors:  (•steel,  radiation  uAMAbE), 

EMBRITTLEMENT,  ScNSITTVITY,  PRESSURE  VESSELS, 
reactor  materials,  DUCTILITY,  TRANSITION 
temperature,  impurities,  Redu'ciIun 
I  U E N.i  I  F  I  E R S  5  STEEL  A-533B 

•THE  PRIMARY  OBJtClIVE  Of  SPECIAL  MELT 

specifications  and  melt  p.lanniNl  was-  Tnt  Reduction  of 

CUPPER  aNj  PHOSPHORUS  CUNTENTS  TO  THE  LOWEST  POSSIBLE 

level,  restrictions  were  also  imposed  on  the 
content  of  other  kESJQUAL  impurity  elements  WITH 
KnOwN  or  sUSPE-lTED  INFLUENCES  On  RADIATION- 
EMBRITTLEMENT  RtSISTANCfc.  for  a  broad  experimental 
analysis,  the  melt  was  split  to  provide  material 
Representing  the  primary  melt  analyses  (p.ojz 
CU)  And  a  MELT  MODIFICATION  ( U .  1 3  8  CUj, 
plates  representing  each  analysis  were  -al^o  split 

and  SECTIUNS  iNDlVlyUALLY  He  A T  -  T RE A T EO  TO  CLASS  1 
OR  CLASS  Z  STRENGTH  CONDITIONS.  ALL  PROCEDURES 
US£u  WERE  STANDARD  MILL  PRALTl.CtS.  K  AD  I’A  T  I  O  n 
ASSESSMENTS  SHO„£y  THE  PRIMARY  MELT  ANALYSIS  TO  HaVL 
VERY  lO.V  sensitivity  TO  RaDIATJuN  embrittlement  at 
5bUF  ( 2d  8  L  I  .  (AUTHOR}  (U) 
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LOCkHEEO-GEORgIa  CO  'MARIETTA  MATERIALS  SCIENCES  REStARCH 
LAB 

cleaning  ano  chemical  treatment  OF  aircraft 
surfaces  to  provide  optimum  cleaning 

PROPERTIES.  <U) 

DESCRIPTIVE  note:  FINAL  SUMMARY  KEPT.  23  OCT  67-23  OCT 
70, 
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UNCLASSIFIED  REPORT 


DESCR  I  PTORS  ;  l  •AIRCRAFT  FEnTSHeS.,.  •Clean  I  nG  )=, 

UUaLITY  CONTROL*  HYDROGEN  LMoR 1 f TLEMENT  , 

RADIUACM  Vc  ISoTuPE-'S,  SURFACE  proper  I  I  ES  , 

COATINGS,  ADHESION,  LPOXT  PLASTICS,  PAINTS, 

CLc-AnING.  COMPOUNDS  (U,) 

J  0  E  N,T~lT\l  E  R  S-5  ';-13U  AIRCRAFT,  P-3  AIRCRAFT, 

S/T'r  iCppable  COATINGS  (U) 

FINAL  RESULTS  ARE  PRESENTED  OF  A  PROGRAM  TO  DEVELOP 
IMPROVE^  METHODS  OF  CLEANING  AIRCRAFT  SURFACES  PRIOR 
TO  PAIN'  ING.  THE  FIRST  OBJECTIVE-  OF  The  PROGRAM  WAS 
MET  BY  tHE  DEVELOPMENT  OF  A  SIMPLE  AND  ACCURATE 
METHOq  FOR  DETERMINING  THE  uEgREE  OF  CLEANLINESS  OF 
SURFACES,.  IT  CONSISTS,  ESSENTIALLY,  OF  PLACING  S- 

micrOl'ITer  drops  uf  distilled  water  on  the  test 
surface,  measuring  the  drop  diameter -and  converting 

ThE  DROP  DIAMETER  TO  A  QUANTITATIVE  VALUE  OF  SURFACE 

energy,  nisne  cleaning  prOceuUres  were  evaluated  by 

MlanS  OF  RADIOISOTOPE,  SURFACE  ENERGY,  HYDROGEN 

embrittlement,  anu  coatin^  adhesion  tests*  the 

BEST  TWO  PROCEDURES  WFfRE  APPLIED  TO  A  C-l30  AT 
L  0  CA  H  t  E  p - G  E  0  R  G  I  A  AND  TO  A  P-3  AIRCRAFT  AT 
LOc&HEED-CALlFOrtNIA  BEFORE  THE  FINAL  EP0XY- 
POL.YAMIOE  PAINT  SYSTEM  rt AS  APPLIED,  FlyE  HAnD- 
PEElA^LE  AND  FIVE  AuKAL  ine-kemOv  ABLE  coating's  were 
EVALUATED  FOR  THEIR  ABILITY  TO  PROTECT  CLEAN  SURFACES 
FROM  CONTAMINATION.  The  STRlPPAbLE  COATINGS  ftHICH 
GAVE  THt  BEST  RtSULlS  IN  LABORATORY  TESTS  WERE 

applied  tu  p-3  fuselage  panels,  hand-stk i ppable 
coating  no.  ih  provided  guou  pRoteciion  for  the 
panels  during  chemical  cleaning  and  during  drilling, 
COUNTERSINKING!  AND  RIVETING  OPERATIONS. 

chemically  stkippable  coating  nu.  ii  provided 

guoo  protection  fur  The  panels  during  the  drilling*  <uv 
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DtScHlPTURS3:  (  *L  1  DO  I  D  METALS,  •  EMBR J T T LE M£NT )  , 

zinc  alloys,  cadmium  alloy*,  mercur.y,  alum.inuh 

ALLOYS  (U) 

T  M  £  RtPOR'T  o  I  VE  ^  A  SUMMARY  OF  ThE  INVEST  I  0  A  T  IfO  N  S 
Performed  under  tme  G£NtR al  title,,  *£mbr  i  ttlement 
Br  lUUIO  METALi.'  during  the  PERIOD  of  the 
'Report,  an  earlier  investigation  of  the  effects  of 

SECUNU  PHASE'S  ON  THE  SUSCf.P  T  I  B  I  L  I  T  Y  OF  £1  Nc-C  AOM  I  UM 
ALLOYS  TO  EMBR I T ELEMENT  BY  LIQUID  mercury  AT  AMBIENT 
TEMPERATURE  Was  CONTINUED,  THE  INVESTIGATION  WITH 

2‘inc-cadmium  a,uoys  was  intended  to  elucidate  the 
RulI.  of  PHASE  IN  inhibiting  ThE  EMBK  I  T.TLEMEnT  OF  THE 
MATR2A  PRASE  (ZINC)  IN  MERCURY*  IN  OTHER 
STUDIES,  P  0  L  Y  c  R  Y  ST  A  L  L  I  >N,k,  ALUMINUM  2.5  W/O-ZJNC  S  •  3  '»/ 
O-MAGnESIUM  ALLuYa  CONTAINING  VARYING  THICKNESSES 
tu,uH  TO  U.JS  MICRONS)  OF  DtNuDtO  ZONES  AT  THE 
-GRAIN  BOUNDARY  WERE  TeSTEo  IN  TtNSION  TO  Fr-aCTURE  In 
LUU1.U  MERCdRY  AT  25C.  IN  ADDITION,  STUDIES  WERE 
undertaken  to  investigate  the  roll  uf  the  Chemical 
nature  up  the  liquid  metal  dr  liquid  metal  solutions 

In  DETERMINING  the  OCCURRENCE  And  THE  SEVERITY  OF 
LlwOIu  METAl  E  M  d  R  1  T  I  L  E’M  E  N  T  |N  A  GIVEN  EMBRITTLEMENT 
CUOPLt •  THESE  STUDIES  RcVeALEd  THAT  The  SEVERITY 
of  LlwOID  METaL  EMBRI TTlEMENT  IS  RELATED  TO  THE 
ELECTrONEoAT  I  V  I  I  US  OF  THE  PART  I  C  I  PmT  1  NG  SOLID  AND 
LlQUlu  METAL.  (AUTHOR)  (U) 
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DESCRIPTORS*  (•HYDROGEN  t  M  b'«j  J  T  T  L  E'M  E  N  T  »  •  I  R,0  N  I  • 

DIFFUSION,  COLD  **  OK  KING  ,  R  U/i  L  I  N  6  ( M  EeFA  L  L  U  R  G  T  )  , 

DEFORMATION  (U) 

the  e l e c tk o c h e«m i c a l  permeation  method  was  extended 

BY  ANALYSIS  of  THt'oECAY  TRANSIENT  FOLLOWING  STEADY 
state  PERMEATION,  from  the  amount  OF  extracted 
HYDROgE’N  COmPaRcD  WITH  THfc.  a'MOUNT  PREDICTED  BY  The 
PcRmEaTJON  MODEL,  II  IS  POSTULATED  TH A T  HYDROGEN 
OIFFUSIVITY  IN  ARMCO  IRON  IS  CONCENTRATION 
DEPc.NuE.NT-,  PERMEATION  STUDIES  Op  COLD-ROlLed 
ARMCO  IRON  INDICATE  (A)  DlFpUSlVlTY  0(210 

decreases  from,  5  x  10  to  the  -sth  to  o.s  x  10  to  tme 

-5TH  SQ  CM/S'EC.  in  g0IN«  FROM  ANN.EalEO  TO  216 
REOOCtD  samples;  IB)  DEFORMATION  RESULTS  In 

increasing  absorption  of  hydrogen  from  i  x  io  to  the 

-BTh  to  3U0  X  ,10  TO  The  -aTH  N&LE  H/C.C.  OF  FE  *  * 

IN  vjO  1 NG  FROM  ZtRO  TO  1  7  •  6  S  REDUCTION  in  THICKNESS,* 

(U  AuOlTlONAL  COLD  WORK  PRODUCES  LITTLE  FURTHER 
change  in  hydrogen  absorbed  or  in  apparent 

DIFFU5I  vi,TY.  (AUTHOR)  (U) 
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OAT  E  u  ib  AUG  70,  AO-711  32i, 

DESCRIPTORS:  (  *Rt ACTOR  MATERIALS,  R  A  0 1  A  T I  ON 

OAMAvjEJ,  (♦STEEL,  RAuIATIOn:  dAMAgE), 

{•vanadium,  radiation  damage, pressure  vessels, 

FRACTURE (MECHANICS) ,  EMBR I T TL>  M&NT ,  nEUTRON 
REACTIONS,  DISLOCATIONS,  AnNl.AlInG  {U) 

the  report,  coverino  research  for  the-  period  i 

AUGUST  -  Jl  0CTU8ER  197U,  INCLUDES;  (1) 
initial  Rad>iamon  damage  surveillance  results  for  the 
M  h  ~  l  A  REACTOR  VtSSEC  ,  (2)  Ot  Vfc.LOPH.EN!  OF  A 

REFtRtNCE  FlOENCE  DECREASE  IHROuGh  a  KEACTC.R  VESSEL 
Wall,  (3)  analysis  of  the  flUence  gradient  in 
terms  in  terms  of  fracture  behavior,  including 
Fracture  extension  resistance  Fur.  the  through-wall 
VtSSEc  PRuPERTUS,  ( A )  CORRELATION  uF  CHARPY.- 
V  and  OYNaMJC  T t\AR  TEST  RESULTS  FOR  «EACTOr\  STEELS 
AT  Tc,K  I  R  R  A  04  A  T  i  u  N  ,  (5)  TRUE  S  TRtSS-N  ATUk  aE  STRAIN 
DETERMINATIONS-  FOR  SEVERAL  HIgH  TEMPERATURE  ALLOYS 
IRRaOjATEO  l.N  THE  EaR-II  REACTOR,  anD  {<*)  THE 

nature  of  dislocation  luop  growth  during  annealing  of 
IRRaDiATEO  VANAuluM,  (AuT-HOn)  (U) 
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UNCLASSIFIED  REPORT 
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MELTINl  HELD  IN  oAlTIMORE,  MU.,  ON  5-8  0.CT  7U. 

DESCRIPTORS.,*  {•AELOS,  RADIATION  DAMAGE), 

(•REACTOR  HATER  TALS,  .WELDS-),,.  (•STEEL, 

RADTATTOn  DAMAGE J ,  PRESSURE  VESSELS, 

EMBRITTLEMENT  ,  I  N  HTB  I  T  I  0  N‘»  WELDING  RuDS  , 

CHEMICAL  AN  A  LT  5  I  b  ,  MECHANICAL  PROPERTIES  (U) 

ThE  STUDY  CLEARLY  DEMONSTRATES  tFFEC  T I  Vt  CONTROL 
OVER  THE  RADIATION  EMBR i TTLEMENT  BEHAVIOR  OF  A  «:  1/M 
Ch-IMU  ,.VElD  COMPOSITION.  EXPERIMENTAL  FINDINGS 
OPEN  THE  « A Y  FOR  THE  USE  OF  PROMISING  HIGHER  STRENGTH 
STEELS  IN  ADVANCED'  REaCTOr  VESSEL  CONSTRUCTION, 

OPTIMUM  RADIATION  EMBR l TTuEMEnT  RESISTANCE  IS  SHOWN 
TO  REnUIRL  COPPER  CONTENTS  APPRECIABLE  LE^S,  THAN 

o .  16  2.  (Author,)  iu) 
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BARRELS ,  STRtSS  CORROSION),  £MbR I T T LEM£nT , 

FRACTURE (MECHANICS)  ,  CRACK  PROPAGATION  {  U  > 

identifiers;  hlgh*  strength  steels  ru) 

PREPACKED  CANTILEVER  B  l  ATI  SPECIMENS  EXTRACTED  FROM 
SPECIFIC  gUn  TUbES  G  £  R  E  SuBuEC  TtD  TO  A  CONSTANT  LOAD 
IN  VARIOUS  ENVIRONMENTS  T(j  DETERMINE  FRACTURE  TIMES* 
SPECIMENS  EXHIB1TE0  STRESS  CORROSION  SUSCEPTIBILITY 
IN  02  NACL,  0  I  S  T  I  LLED  AaTER  AND  1  0  0  56  RH 
AIR,  (i,I  TH  3*  NACL  BEING  THE  MOST  DEGRADING 

environment,  variations  In  susceptibility  appeared 
on  A  TUBE  TU  tube  BAS.fS  And  WERE  RElAT^u  TO  THE 
TEMPER  EMBRITTLED  CONDITION  OF  THE  TUb£.  ADDITIONAL 

tests  In  lli stilled  kater*  varying  yield  strength 
material,  shu„eo  that  fracture  time  was.  dEcreasld  and 
CRACK  Growth  RATES  INCREASEu  as  the  yield  STRENGTH 
was  increased,  (author)  (U) 
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Lab 

EFFECT  OF  ALLOYING  ELEMLNIS  on  tempered 

Martensite  embr i ttllment  and  fracture 

TuUgHNESS  OF  L0«  ALuOy  HI'gH  STRENGTH 

steels.  j  y ) 

DESCRIPTIVE  note:  FINAL  REPT.  1 3  MAR  69-1.3  AUG  7U, 

JAN  71  8  i/P  VISHNEVSKY  ,c»  I 

REPT.  NO.  t  P  r.-7;3  8M  - 1 
contract:  0AAG<i6-69-C-00o0 
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UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE!  s£E  ALSO  RePuRT  DATED  FE8  70,  ad- 
702  9U6 » 

DESCRIPTORS;  (•STEEL,  NOTCH  TOUGHNESS), 

MARTENSITE,  TEnSIlE  PROPtR>T.!-.ES, 

FRACTURE (MECHANICS) ,  EMBRITTLEMENT  {U) 

IDENTIFIERS:  ♦HIGH  STRENGTH  steels  (U) 

A  SlUijY  WAS  PERFOkMcD  On  THE  INFLUENCE  OF  VaRIOUS 

elements  un  the  notch  bend  fracture  Toughness  at 
7SF  AND  -  1 OUF  OF  <  3 b % C •  3NJ-CR-M0-V 

martensitic  steels  tempered  between  rod  and  boof,, 

T nt  ELEMENTS  EXAMINED  INCLUDED  -C ,  M N •  SI, 

CR,  Nd  ,  MO,  CO,  V  AND  aL.  VhE  OVERALL 
VARIATION  T'N  ROUM  TEMPERi  RE  YIELD  AND  T, ENSILE 
STRlNgThS  FOR  T«ENTY-fOUR'  STEELS  WAS  1 55-2 3U  KSl 

yield  strength  and  188-28^  ksj  tensile  strength* 

(AUTHOR)  Ml, 
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UNCLASSIFIED  REPORT 
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HYoROGEN  EMBRITTLEMENT,  CRACN  PROPAGATION,  STEEL* 

ALUMINUM  ALLOYS,  NOTCH  TOUGHNESS  (U) 

identifiers;  *FRAClUrtE  Toughness,  steel  ijRq, 

S Tc. El  R330,  ALUMINUM  ALLOY  707S-T651  (U) 

RtSuLTS  01-  AN  EXPERIMENTAL  PROGRAM  JO  DETERMINE 
FRACTURE  TOUGhNlSS  oata  utilizing  small  notched  round 
tenstlE  specimens  are  presented,  hydrogen 
embrittlement  was  utilized  as  a  crack  starter  for 
several  solid  aisi  h3ro  steel  specimens,  the 
fractured  areas  were,  examined  to  6ifferenTi ate  the 
slow  crack  growth  due  tu  HYuROG.tN  and  the  final  Rapid 
catastrophic  fracture,  holloa  nutchlo  round 

SPECIMENS  of  A 1 3 1  HJHO  STEEC ,  ALUMINUM  7075- 
T  6  b  I  AND  uUN  STlEl  1330  WERE  TESTED-  TO  FAILURE  FOR 
VARIOUS  OuTS-lDE  DIAMETER*  NOTCH  ROOT  RADIUS  AND 
internal  role  size.  the  Resulting  apparent 

FRACTURE  TOuGhNtSS  VALUtS  AkE  COMPARED  To  KNOWN 

VALUES  OBIAINED  F«OM  PRECRACKED  SPECIMENS* 

lAUTHuR)  <U) 
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analysis  of  raoi  ai  i on- induced  e m b i  ttlement 

CRAoIENTS  on  fracture  characteristics  of 

THICK- rtALLEO  PRESSURE  vessel  STEELS.  (U) 

descriptive  note::  interim  rept.» 
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descriptors:  i *steel ,  radiation  -.dahaoEi,, 

fc* REACTOR  MATERIALS,  EMBRITTLEMENT), 

FRACTURE  (MECHANICS)  ,  PRESSURE  VESSELS' 
j  DENT  I  F  1  ERS  5  STEEL  Ar,S33o 

the  fracture  behavior  of  thick-.valled  nuclear 
vlssels  ls  considered  for  the  case  of  a  radiatjun- 
induced  toughness  gradient  through  the  *.all  ahKH 
CHARACTERISTICALLY  rESUlT-S  from  neutron  .attenuation 
by  THt  rt ALL  MATERIAL  ITSELF.  PRACTUrE-S AFE  DESIGN 
analyses  based  on  linear  elastic  formulations  on 
extrapolations-  of  these  formulations  to  the  elaStjc- 
PlaSTIC  REGIME  are  nut  sufficiently  DEVELOPED  to 
characterize  the  integrated  behavior  of  a  wall  rhose 

TOUGHNESS  CAN'  RAN  u  £  FR.Om  d  R  I  TT  L  e  AT  THE  INNER  SURFACE 
To  ilIbHLY  DUC.TJLE  Al  THE  OUTER  sUrFA'SE.  SOLUTIONS 
To  THE  problem  JN  ThE  FORESEEABLE  FUTURE  <»ILL  BE 
OBTaInEO  ONLY  BY  EXPERIMENTAL  MEANS.  THE  PRL5ENT 
APPROACH  USES  THE  FRACTURE  ANALYSIS  DIAGRAM 
(PAU)  TOGETHER  .«ITH  A  NE*  INTERPRETATIVE  METHOD  FOR 

fracture  tx tens  ion  resistance  based  on  modified 

Dynamic  TeAR  SPECIMENS  aS  ThE  TOOLS  Fu«  GRADIENT 

assessments,  u ith  these  techniques  the  significance 

OF  THE  TOUGHNESS  GRADIENT  THROUGH  THE  WALL  IS 
ASSESSED  in  TERMS  OF  THJCh  SECTION  MECHANICAL 
CONSTRAINT,  AND  FRACTURE  CHARACTERISTIC  OF  THE 

complete  rale  are  predicted,  (author)  (U) 
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major  factors  affecting  neutron  irradiation 
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Jhe  major  aspects  of  neutron  irradiation 
embrittlement  in  steel  pressure  VESSELS  of  large 

COMnERClAL  NUCLEAR -POWER  REACTORS  ARE  REVIEWED. 

£Zl?!NG  °W  TH£  K£iMCTS  OF  AEC-SPONSORED  PROGRAMS 
MAVE  EMPHASIZED  research  kELaTED  To  reactui 
VESdEl  RELIABILITY.  (AUTHOR} 
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F  Ed  71  3SP  sttEuE  ,  L  »  E,  !  S  E  R  P"A  N  ,  C  • 

Z.  ,  ,jR .  ?  ,y  A  TSON  *  H  •  E  *  JHA'rt'THORNE.  J.  R.  1 
SM10/V.F.  A.  ,  JR? 

REPT.  I'lU,  nRL-MR-,22  11 
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UNClASSIFIEU  report 

S^PPlcMeNTarY  note:  oEE  also  QUARTERLY  PROGRESS  REPT. 
UATEu  15  Nu  V  70i  AO-716  SUb„ 

descriptors:  (*realTur  materials,  radiation 

DAMAGE),  (*STEEL,  RAuIaTJOn  uAmAgE), 

(•VANADIUM.,  RADIATION  DAMAGE),  PRESSURE  vessels, 
FRaCTUREIMECHANICS) ,  EMBRITTLEMENT,  rtELDS, 

NEUTRON  REACTION^,  DISLOCATIONS,  RECOVERY  (U) 

the  Report,  covering  research  fur  the  period  i 
November  1970-31  janoary  1971 ,  includes: 

(1)  an  analysis  of  the  comparative  results  uF 
various  reactor  physics  codes  for  predicting  thl 
neutron  SPECTRUM  in  a  SIMULATED  PRESSURE  VESSEL  I 
(2?  THE  FRACTURE  RESISTANCE  OF  IRRADIATED  Ab33- 
B  STEEL  PLATE  AND  WlLD  METal  AS  DEF 1  N£.t)  q Y  bHEL/ 

LEVtL  IN  UYNAMIC  NOTCHED  IMPACT  TESTS,  aND  (3) 

Results  suggesting  possible  mechanisms  up  loop  orowth 
during  uamage  recuVlRy  in  vanadium,  i Author j  f.y.i. 
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Grain  BOUivDaR  Y  SEGREGATION  of  IMPURITIES  in 

METALS  ANu  INTERoK'AnULAK  bRJTTLt  FRACTURE4  { U ) 

DESCRIPTIVE  NOTE!  TECHNICAL  KEPT.,, 

MAY  71  RIP  lOk-,  JOHN  R,  JR  r'j'SM  i?T  H  , 

CRAIG  L.  i 

REPT*  NO*  CMU-031-727-3 
Contract  :  no.uui  h-6  7.-a-03  1-R-DUO2 

PROj;  nR-031-727 

UNCLASSlFlEu  REPORT 


DESCRIPTORS!  (•STEEL*  •EMPHIlTUErtENT)  i  GR'AlN 
bOUNjARl  ES  *  IMPURITIES,  jUcTILE  bRl.TTLE  TRANSITION, 

T R  A ii S  I  T  I  U N  TE « P E R  A  T  U RE,  N E 0 TKO N  A C  T  I  V  A  T-T  0 N  {  U  ) 

IDENTIFIERS;  STEEL  3JRO  (U) 

temper  e  m  s  r  i  t  t  l  t  m  t  n  r  in  low  alLuy  steels  was 

STUJIEO  BY  EXAMINING  CHANGES  IN  THE  COMPOSITION  OF 
PRIOR  auSTENI.TIC  wRAlN  sOuNuAKIES  Ri/SUlTJNg  FROM 
EMBRITTLING  TREATMENTS  PERFORMED  ON  AN  SB  DOPED 
33HG  STEEL.  NEUTRON  ACTIVATION  ANALYSIS  NAS,  USED 
TO  CHEMICALLY  ANALYSE  ETCnANt  RESIDUES  OBTAINED  FROM 
iNTtRCRYSTALL-  INt  FRACTURE  SURFACES,  AnTJmONY  frA:S 
S h 0 <i N  TO  SEgReGaTc  TO  TrtE  -GrAJN  BOUNDARIES  DURING 
EMBRITTLING  a  HI  LE  TmE  C  UN(,£N  TR  ATI  ON  Of  NJCKcL  ‘I<N 
ferritic  PORTIONS  OF  THE  OOUNDAKIES  DECREASED.* 

E  M  b  R  l TTlEmENT  TREATMENTS-  PRuDuCED  NO  DETECTABLE 
CHANGES  IN  THE  CHROMIUM  CUNTENT  OF  THE  bOuND  A«.l  E'-S . 
(AUTHUPJ  (U) 
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NORTHROP  CORPORA  Tit  LABS  HAWTHORNE  CALIF 

THE  OCCURRENCE  OF  L  I  QU  I O-rtETAL 

EHBK I  T TLEMEnT  j  ’  (U) 

UQT  70  UP  KAHDARiM.  H,  i 

CONTRACT  5  .DAHCOWU-C-Q.O/B 
MONITOR:  A  kO'O  -?/Id  J2-MC 

UNCLASSIFIED  'REPORT 

availability:  PUS.  I>N  PhYsICA  STATUS  SOL  1 0 1 
(A)  V 4  N 1  P 2 2 5 " 2 3 3  1971. 

DLSCRIPTORS:  (.CADMIUM,  *EmBR  IcTTLEMENT  )  , 

(♦MERCURY,  EMBRITTLE  MEN  TsJ  , 

FRACTURE  (MtCHA  NILS)  ,  LIQUID  METALS,  SOLUTIONS., 

MERCURY.  ALLOYS  (U) 

I  DENT  I-F  KERS  J  ♦lUUIP  METAL  EmBR  I  T-T'lEMEnT  (  U.f 

A  STUDY  Has  been  MADE  OF  THt  FRACTURE  BEHAVIOR  DF 

cadmium  in  liquid  moRcUry  .and  St  ve^ral  liquid  mercury 
solutions,  it  is  shown  that  The  degree  Of 

EMBRITTLEMENT  INDUCLD  IN  A  S.OLlp  'METAL.  CaN  dE 
SIGN  I5F ICANTLY  AN0  PREDICTABLY'  ATFECTED  BY 
INCORPORATING  StLECTED  EMBRITTLING  ELEMENTS  IN 

solution  in  The  llqui d-metal  environment,  for 
example,  ADOPTIONS.  OF  MoRe  THAN  i  at  s  of  lnoium  TO 
MERCURY  at  room  TlMPERATUkE  CAUSED  CADMcIUM  to  BEHAVE 
IN  A  BRITTLE  MANNER  In  TH[S  OTHERWISE  4  INERT* 
ENVIRONMENT.  FOlLOWINiG  CONSIDERATION  of  the 
EXPERIMENTAL  DATA  FROM  SUCH  'EXPfcRIMtNTs ,  AND  ALSO 
FROM  THt  PUBLISHED  LITERATURE,  if  I'S  SUupESTED  THAT  A 
CORRELATION  (EXISTS  oE’TWEEn  THE  OCCURRENCE  AND 
StVERITY  OF  LIQUID- METAL  tMoR I T  TLEMcNt  AND  THE 
ElEcTrONEGAT 1 V  I T ItS  OF  THt  PARTICIPATING  SOLID  AND 
Lluulo  METALS,  IT  APPEARS  THAT  MAXIMUM 
’EMflRI TTlEMEnT  OCCURS  WHEN  th£  SOLID  METAL  AND  THE 
ACTIVE  LKUID  MtTAL  ARE  Op  SIMILAR  ELECTRONEGATIVITY, 
AND  That  THE  SEVERITY  OF  tMBRlTTLLMENY  decrease^  as 
The  DIFFERENCE  IN  ElEcT-NOiVEuAT  I V I TYJ  BETWEEN  THE  TWO 

Metals  increases,  (author)  :u) 


91 


unclassified 


izbmli 


UNCLASSIFIED 


DUC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  UBMLT 

AU-/26  09V  13/°  11/6 

AEROSPACE  RESEARCH  LA.F/S  «K  I  GHJ-PA;TTERS0N  AFB  OHIO 

the  influence  of  the  theRhomecha-n-ical 
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DESCRIPTORS  :  ( • T 1 T  AN  1 Um  ALlOYS,  ♦MEChAnJCaL 

FORKING),  \  •  EXTRUSTON,.  TITaNiUm  ALLOYS,),. 

MECHANICAL  PROPERTIES,  AGE  HaRdEn'I  N6  ,  HEAT 
TREATMENT,  TENSILE  PROPERTIES.  EtlBR  I  TTLE'MENT  (U) 

identifiers:  »metal  S.VAGJNu,  TITANIUM  alloy  beta 

3  (  U  ) 

Th£  EFFECTS  U  F  EXTRUSION  ANu  cOlD*  SWAGING  ON  THE 

structure  and  properties  uf  beta  iii  Titanium 

were  INVEST IGaTlD!  olE  LOADS  FOR.  EXTRUSION  rt.ERE 

determined  at  various  tempskatDkE'S  and  compared  to 

OlE  LuADS  <FOR  OTHER  ALLOYS?  THE.  EFFECTS  OF  aGE 

haruEntng  after  various  thermal  and  mechanical, 
TREATMENTS  WERE  STUulEO.  OPTIpjUm  TEnSjlE  PROPERTIES 
WERE  OBTAINED  In  EXTRUDED  AND  AGED  MATERIAL  WHEN  T»t 
EXTRUSION  TEMPERATURE  WAS  LOW  AND  THE  COqLI.NG  RATE 
WAS  HIGH.  THE  DIE  LOADS  DURING  EXTRUSION  COMPARLD 

favorably  with  Those  of  other  titanium  alloys,  cold 
S  tt  a  va  I  N  G  PRIOR  To  age  HARDENING  INCREASED  HahON£$S  AnD 
tensile  strength  but  caused  embkutlEment  when  the 

AMOUNT  OF  Or.  FORM  a  TT  UN.  WAS  SMALL.  OUCH-LlTY  ,i  A  S 
RLiSfOREO  oY  LARvjE  AMOUNTS  OF  C'OuD  STAGING.  FRACTURE 

touuh^ess  was  univeksely  proportional  tu  ultimate 

TenSIuE  STRtNGTH,  ThESE  Ob-SeR  V  A  T  IONS  ARE  EXPLAINED 
ON  THE  BASIS  OF  MtT'ALLOvjRAPrtY ,  ELECTRON  MICROSCOPY, 

and  x-ray  oiffractiun.  (author)  tu) 
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descriptors:  (•hydhooen  embrittlement,  test 

METHODS).  (Y*RA  I  NT  REMOVERS,  HYDROGEN 
EMfaR  I  TT-lLME1  ”  )-,  STEEL.  S  TANDARDS 
IDENTIFIERS:  EVALUATION 

FOUR  nYDROGlN  EM8RI  TTLE'MEn.T  TEST  METHODS  WERE 
EVALUATtD  USING  TmReE  PaInT  STRIPPERS  AS  T Ht 
EMjRiTTLING  MEDIA.  RESULTS  :rt  E  K  E  COMPARED  *ITH 

those  obtained  with  notched  c-RI'ngs.  the  method  now 

PREaCRlbED  IN  PaInT  STRiPPER  SPtC  IF  1  C  AT  LONS  .  IN 

general,  all  thl  methods  give  Good  results  and  good 

CuRk'ElAT  IuN.  the  MAIN;  DIFFERENCES  WERE  IN  EASE  OF 
USE>  (AUTHOR)  (U) 
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EMbKI  TTlEMENT  ,CDUPLt.,«  (U) 

.70  «P  *-AmDAR,M.  Hi  I 
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UNCLASSIFIED  i/EPORT 
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SUPPLEMENTARY  NOTE!.  PREPaRlO  IN  COOPERATION  TH 
NOkThROP  CORPORA r  LaBSv,  HArtTriORNE,  CALIF* 

DESCRIPTORS.;  (  •  7  J  ,»  *CR ACK  mRoPaGAT TON)  , 
t  •EMoR  l  TTLtMENT  ,  Z/.-NC),  F<?aC  I  VKE  (  MEOHANl  CS>>  t 
L  I-WU.1 0  METALS,  M;  '.^UrtY,  COrRoSIOn, 

NUCLEATION  (U) 

IDENTIFIERS*;  •l.vO.vID  METaL  EMBRITTLEMENT  ( U ) 

cleavage  tract ore  oata  from  zinc  crystals'  tested  in 

TensIuN  in  LJv  ilO  MtRCURY  VIRUNMEnT  AT  29BK  AND 
IN  an  Inert  £/ Y.VRuNME'nT  at  77k  HAVE  BEEN  Used  TO 
PkOVTuE  SUPPO/v'T’  PUR  THE  VALIDITY  OF  A  FUTURE 
CRITEkION  Awl)  >0  DERIVE  RELIABLE  VALUES  OF  fHE  ENERGY 
To  INITIATE  ClE A V A Gt  FRACTURE.  THE  RESULTS  OBTAINED 

Are  CONSIDERED  To  PhOVIuE  QUANTITATIVE  support  fok 
The  MECHANISM  OF  LIwUTD  Metal  EMBRITTLEMENT  IN  »VHIVCH 

adsorp'T i Oiv  of  liquid  meiac  atoms  reouc-es  cohesion  tvr 
the  SITES  CFHloH  STRESS  CONCENTRATIONS  -ON  THE 
surface  ot  the  souiu  and  at  the  tip  of  the 

PROPAGATING  CRACK,  f  AC  I  l  I  f<A  T  I  NG  THEREBY  CRACK 
NUCLEaT  I  0  At  AND  crack  PROPAGATION  in  t  HE  SOLID  METAi* 
(auihoR)  iu) 
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explosives  research  and  development  establishment  walthaM 

<A  d  3  L  Y  (ENGLAND) 

COMPOSITE  PRCPELLAN'fSi  STATISTICAL 

EVALUATION  OF  BRITTLE  POINT.  iTEMdRITTLEMENT 

TEMPERATURE  1’  TEbTb.  (U) 

DESCRIPTIVE  NOTE!  TECHNICAL  NOTE, 

N  0  V  70  laP  b  R  Y  A  N  T  » R  »  W  t  » 

KEPT.  NO.  EROE-T IV-  2  2 
MONITOR:  TKC  BH-23383 
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DESCRIPTORS:  (-TEST  EQUIPMENT.  RELI  AoILITY  )  , 

(  •COrtPUS-ETE  PRoPlLlANTS  ».  EMBR  1'T TlEMERT  )  , 
OEFECTS(MATERlALS) .  CRACKS,  TEMPERATURE, 

STRAI'N  (MECHANICS)  ,  TtNSlLE  PROPERTIES,  TEST 
METHODS  <U) 

IDENTIFIERS;  EVALUATION,  EMBRITTLEMENT  tests, 

SENDING  BEAM  TESTS,  PENDULUM  TESTS  (U) 

EMBRITTLEMENT  TEMPERATURES  OF  OuMPOblTE 

propellants,  at  'nominal  uniaxial  strains  of  s,  10  and 

2b  PER  cent,  have,  BEEN  MEASURED  BY  TWO  BENDING  BEaM 
‘Me TnOuS  ,  and  THE  RESULTS  COMPARED  S TAT ISt  lCALLY  WITH 
INTERPOLATIONS  FROM  ,VLF  MASTER  CURVES  OF  RUPTURE 

strain  in  tension  against  log  Reduced  strain-rate-. 

EFFECTIVE  STRAINS  ARE  DEDUCED  WHICH  PLACE  ThE 

majority  of  the  embrt ttlemenT  temperature  values 

WITrtlN-  The  SCATTER  uF  ThE  WlF  MASTER , CURVES .  IT 
IS  CONCLUDED  THAI  ThE  RcLaTIVELY  SIMPLE  EMBRITTLEMENT 
TESfS  YIELD'  MEASUREMENTS.  OF  ThE  STf.AlN  AT  RUPTURE  NO 
murl  variable  Than  those  derived  from  a  similar 
NUMoER  OF  UNIAXIAL  TENSILE  tests.  (AUTHOR)  (,U ) 
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BR1  IjTLENEbS  OF  STEEu  i  IIS  CONNECTION,  «  LTh 
LOrt~C  f ClE  FATIGUE,  ANo  A  CALCULATION 

PROVIDING  WARNING  OF  BRITTLE  FA  1-LURE  i  IV') 
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FAILURE  (NEC  HmN.ICS)  ,  F  AT  1  ('MECHANICS  >  » 

USSR 

IDENTIFIERS;  TRANSLATIONS 

Tre  article  deals  with  brittle  failure  of  Ship-hard 

STEcL.'  1»T  IS  CONCLUDED  TH*T  LOW-CYCLE  FATIGUE 
OAHAGE  DOES  NOT  HAVE  AN-EbSENTlAL  INFLUENCE  On  the 

Resistance  of  the  investigated  steel  to  plastic 

OEF jKMAT  i'oN ,  BUT  DOES  NOTICEABLY  REDUCE  RESISTANCE  TO 

brittle  failure,  brittle  failure  is  predetermined 
by  an  unfavorable  furm  of  tnE  stressed  state  and  also 
by  OPERATING'  CONDITIONS  A  RICH  HAVE  A  NEGATIVE 
INFLUENCE  ON  THe  TOTALITY  OF  VALUES  OF  THE  STEEL 
STKlNgTH  DURING,  BRITTLE  FAILURE  AND  PLASTIC 

deformation,  fn  calculations  providing  forewarning 

Of  BRITTLE  failure  IT  IS  ADV-ISAdLE  TO  COMPILE 

Dimensionless  values  of  the  stRlSS  parameter  and 

RHEOLOGICAL  CHARACTERISTICS  Dp  T-HE  bTEEL 

INOlPENDEhTlY  OF  THE  MAGNITUDE  Of  EXTERNAL 

FORCES.  (U) 
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Unclassified  report 


DESCRIPTORS;  (  *'T  1..J  AN  1  UM  ALlOYS,  HYDROGEN 
EMdR  l  TTLEMENT  )  ,-  (‘'NUCLEAR  MAGNETIC  RESONANCE,, 

•HY.okOuEiM  lMbH  I  TTLEMtNT  )  ,  PH«SE  STUDIES., 

RELAXATION  TIME,  hydrides,  aluminum  ALLOYS,  A- 
RAY  uIFFRACTIOr. ANALYSIS,  DIFFUSION,  ISRAEL  (U) 

IDENTIFIERS;  SPi'N  LATTICE  RELAXATION,  ‘TITANIUM 
HYORTlOtS  (U) 

Parameters  considered  important  for  the  explanation 

of  H YuRUGlN  EMBRITTLEMENT  OF  T  l  T  A  N  J  U  M  AND  ITS  ALLOYS 
H  A  V>v  oEEN  MEASURED  USINvj  nMR  T'E  L  rf  N  I  w  U  E  b  .  T  Ht 

pro  (On  spin  lattice  Relaxation  ttme  t ( j.  >  has  been 

MtAoUKED  BY  THE  PULSE  TECHNIQUE  AT  19.00  MHZ  AS  A 

function  uf  temperature  in  the  range  25-5OQC  for  a 
series  of  samples  in  THt  alpha,  'seta,  gamma  phases-  of 
titanium  ri  Y  0  R:MIt .  The  DIFFUSIONaL  act  U/ATIOn  ENtRGY 
WAS^  FCOno  to  bt  CONSTANT  rtlTH  RESPECT  TO  THE  HYDROGEN 
CONCENTRATION,  THE  ACTIVATIUN  ENERGY  BEHaVj.OR  AND 
JUMP  ATTEMPT  FREQUENCY  IS  DlScuSSED  IN  RELATION  TO  A 

harmonic  oscillator  potential  wtLL  derived  from 
neutron  INELASTIC  SCATTERJNu  EXPERIMENTS  and  FROM 
This  study.  The  CONDUCTION  electron  contribution  to 
The  RELAXATION  mechanism  INCREASED  hITh  HYDROGEN 
concentration,  indicating  ; a n  increase  in  energy 
DENSITY  OF  STATtS  AT  THE  FERMI  LEVEL*  HYDROGEN  IN 
titanium  aluminum  alloys  „AS  FOUND  TO  FXI-Sj  in  TWO 
DIFFERENT  CKYSTALlOGRaPHU  lN  V  I  KOiNMENTS  ,  One 
diffusing  faster  iHan  t«e  other,  the  hydride  system 

IS  PRuBABLY  BASED  On  THE  TIZAL  STRUCTURE  AND  THE 
PuSsIbLE  LOCATIUN  OF  HYdRuGEN  In  THE  LATTICE  JS 
DISCUSSED.  X-RAY  MEASUREMENTS  On  HYDROGEN  FREE 
TISaL  AND  T 1 3 aL  CONTAINING  hYdRUGEN  GIVING  AN 
H/TJ  RATIO  OF  1.3,  SHOWe.0  EXTREME  DISTORTION  TO 
The  LATTICE  UPON  HYDROGEN  ABSORPTION,  the  x-ray 
DIFFRACTION  LINtS  FOR  THE  HYDRIdE  COULD  NOT  BE 
RESuLvED.  (AUTHORS  (U) 
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